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-1 APPLICABILITY
A set of definitions common to all certification and test procedures is in:

D-200 Definitions for
Certification Procedures and
Test Procedures for
Vapor Recovery Systems

For the purpose of this procedure, the term "ARB" refers to the State of California Air
Resources Board, and the term "ARB Executive Officer” refers to the Executive
. Officer of the ARB or his or her authorized representative or designate. ‘

1.1 General

This procedure applies to the determination of Phase Il vapor recovery system
efficiency at dispensing facilities by mass balance principles. This procedure
applies to any vapor emissions associated with the dispensing of any fluid,
although it is written to reflect application to the hydrocarbon (HC) vapors
associated with the dispensing of gasoline.

1.2 Modifications

Modification of this procedure may be necessary for vapors and fiuids other
than the hydrocarbon vapors associated with the dispensing of gasoline.

Any modification of this method shall be subject to approval by the ARB
Executive Officer.

2  PRINCIPLE AND SUMMARY OF TEST PROCEDURE

The purpose of this test procedure is to determine the percent vapor recovery
I efficiency for a vapor recovery system at a dispensing facility. The percent vapor
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recovery efficiency is the percent of vapors displaced by dispensing which are
recovered by a vapor recovery system rather than emitted to the atmosphere.

2.1 Principle

This is done by simuttaneduslif' measuring the vapor mass flux through four
significant areas: -

my,; = the mass flux through openings at the dispensing interface,
mz; = the mass flux through the vapor return line,

M3, = the mass flux through the dispensing facility vent, and

M =  the mass flux through the assist processor.

The percent vapor recovery efficiency is determined as follows:
Mysy - IMggy + M
(21 ~ Imyg, @! o 100%

% vapor recovery efficienc =
P Y Y [mez) + mg)l

2.2 Summary

As required to determine an emissions parameter and except where otherwise
specified, the equipment and procedures specified in the following test methods
shall be used.

EPA Method 2A Direct Measurement of Gas Volume Through Pipes
and Small Ducts

EPA Method 2B Determination of Exhaust Gas Volume Flow Rate
From Gasoline Vapor Incinerators

EPA Method 18 Measurements of Gaseous Organic Compound
Emissions by Gas Chromatography

EPA Method 25A  Determination of Total Gaseous Organic Compound
Emissions Using a Flame lonization Detector

EPA Method 25B  Determination of Total Gaseous Organic Compound
Emissions Using a Nondispersive Infrared Analyzer
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3 BIASES AND INTERFERENCES

3.1

3.1.1

3.1.2

Vehicle Biases and Interferences

Inclusion of Vehicles in Test Procedure

A representative vehicle matrix shall be determined for the subject facility
according to TP-201.2§.AA

Exclusion of Certain Vehicle Results from Test Results

Inctude the following vehicles in this test procedure, but exclude resuits for
such vehicles from any determinations of compliance with or violation of
the certification criterion. Report results for such vehicles separately, with
a description of the likely causes for their failing to0 meet any requirements
specified below.

For the purpose of determinations of compliance with or violation of the
certification criterion, exclude vehicles with:

(1}

{2)

(3)

non-conformance with other applicable requirements,

results for'vehicles with fillpipe access zones which do not
conform with applicable specifications and requirements
{vehicles shall arrive at the facility with properly positioned
fillpipe caps and leaded fuel restrictors appropriate for each
vehicie);

non-conformance with vehicle leak check requirement,

Note: This vehicle leak check requirement may be waived, on
a vehicle-by-vehicle basis, upon determination by the ARB
Executive Officer that the vehicle matrix required by
TP-201.2A can not otherwise be filled.

This vehicle leak check requirement may be waived, on a
system-by-system basis, upon determination by the ARB
Executive Officer that the system is expected to always
maintain negative gauge pressure in all vehicle tanks during
all dispensing episodes.

results for vehicles which do not pass the vehicle leak check
requirement (>0.01 ¢fm); and

non-conformance with sieeve leak check requirement, and
results for vehicles with leak detector readings {per EPA Method
21) above 0.1% LEL within one inch (2.5 cm) outside the

sampling sleeve; and ’
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(4) inadequate dispensed volume.

results for vehicles into which less than four gallons are

dispensed. . .

3.2 Facility Biases and Interferences
3.2.1 Static Pressure Performance

The subject dispensing facility shall demonstrate compliance with the
appropriate static pressure performance standard as required by CP-201.

3.2.2 Representative Facility Operating Matrix

The subject facility shall operate within the matrix of conditions
established in the specifications of certification. See CP-201 § 3 and § 5.

During certification testing, any conditions of installation, operation, and
maintenance which deviate from such specifications. shall be recorded and
included as amendments to the specifications of certification. Subsequent
to such certification, any conditions which oceur outside such
specifications (for any facility instalied, operating, and maintained on the
basis of such certification) shall constitute a violation of the specifications
of certification.

3.2.3 Dispensed Liquid Characteristics

Some unusual situations may require a more extended calibration protocol
if, in a certain case, the speciation of vapors is significantly different than
that for gasoline vapors. Two alternative approaches, both of which must
be demonstrated in practice and approved as modifications to this
procedure are suggested:

(1) calibrate all analyzers to appropriate dilutions of a Tedlar® bag sample
taken from the headspace of the facility involved in the proposed
test, or -

(2) use the same make and model of analyzer at each test point while
minimizing the amount of vapor taken from the vapor return line. At
the vapor return line test point, this may require a high flow (to
reduce time lag) sample extraction and return loop and a low flow (to
satisfy analyzer requirements) sampie line from the sample icop to
the analyzer.

3.3 Equipment Biases and Interferences
Alternatives to the required equipment can be as good or better in certain
testing circumstances. Such alternatives shall only be used subject to prior

written approval by the ARB Exscutive Officer, 25 required in § 13,

A primary example of such an alternative is the use of NDIR instead of FID at
Test Point 1 for analyzing the sleeve sample. There NDIR can be used based on
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data and documentation which show, to the satisfaction of the ARB Exscutive
Officer, satisfactory control of biases and interferences due to the use of the
equipment.

SENSITIVITY, RANGE, AND PRECISION |

The measurements of concentration and volumetric parameters réqUired by this test
procedure are well within the limits of sensitivity, range, and precision of the
specified equipment.

EQUIPMENT

Equipment specifications are given below and some equipment configurations are
shown in Figures 1 through 21.

(1)

Hydrocarbon Analyzer

The default mode of determining hydrocarbon concentrations in this procedura
is a determination of total hydrocarbon concentration as propane. Alternative
test procedures for determining non-methane hydrocarbon concentration have
been validated for some applications and may be used, subject to the approval
of the ARB Executive Officer. Such procedures typically determine both the total
hydrocarbon concentration and methane concentration; non-methane
hydrocarbon concentration is then determined as the difference.

The range of any hydrocarbon analyzer shall be selected such that the maximum
concentration measured is no more than 90 percent of the range and the
average concentration is no less than 10 percent of the range.

Any sampling and analysis system using a non-dispersive infrared detector
(NDIR) shall be designed so that 100% of the sample that is extracted for
analysis can be returned, unaltered, to the sample manifold. '

An analyzer with a NDIR with selected filters to block methane measurement
shall be used when the efficiency is to be calculated for non-methane
hydrocarbon and when the system under test is small such that extracting a
sample for a FiD analyzer will affect the system operating parameters. When
using a NDIR instrument for total hydrocarbon méasurements, a second channel
must be present to measure the methane concentration or the instrument filters
must be such that total hydrocarbon is measured.

Any sampling and analysis system using a flame ionization detector (FID) can
not be designed so that 100% of the sample that is extracted for analysis can
be returned, unaltered, to the sample manifold, because the operation of the FID
significantly alters the portion of the sample which is analyzed.

An analyzer with a FID may be used for the test when a measurement is for
total hydrocarbon and there is no requirement for returning sample, unaltered, to
the sample manifold. An important example is the total hydrocarbon
measurement on the diluted sample from a test sieeve which has captured
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(2)

(3}

(4)

transfer emissioris from the nozzle fillpipe interface. in this case, the transfer

: emlss:ons are on their way to the atmosphere normaily, so there is no need to

return them to a sample manifold.
Carbon Monoxide Analyzer

Use a NDIR analyzer for measurement of exhaust CO concentrations. To the
extent practical, the analyzer range shall be selected such that the maximum
concentration measured is no more than 90 percent of the range and the
average concentration is no less than 10 percent of the range:

Carbon Dioxide Analyzer

Use a NDIR analyzer for measurement of exhaust CO, concentrations. The
analyzer range shall be selected such that the maximum concentration measured
is no more than 90 percent of the range and the average concentration is no
less than 10 percent of the range.

Volume

Use a calibrated positive displacement gas volume meter or a turbine meter for
measurement of volumetric flow rate.

Use rotary type positive displacement meter{s) with a back pressure limit (BPL)
less than:

1.10 inches water column at a flowrate of 3,000 CEH down to
0.05 inches water column at a flowrate of 30 CFH for a meter with a
rating over 1000 CFH and

0.70 inches water column at a flowrate of 800 CFH down to
0.04 inches water column at a flowrate of 16 CFH for a meter with a
rating of or under 1000 CFH.
Meter(s) shall be equipped with taps accommodating the following equipment:
(1) taps on the inlet side for
{a) a thermocouple with a range of © to 150 °F and
(b) a pressure- gauge with a range providing absolute pressuré
readings within 10 to 90% - the range (more than one gauge
shall be used, if necessaryj and
(2) taps on the inlet and outlet sides for a differential pressure gauge
with a range of 0 to < 2x BPL (i.e. full scale shall be less.than twice

the back pressure limit} or any other range appropriate to allow
detection of 2 pressure drop greater than the BPL.
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5 (5)

5 (6}

5.1

5.1.1

5.1.1.1

5.1.1.2

5.1.1.3

Pressure

Use a pressure measuring device (transducer, inclined manometer or Magnahelic
gauge) with a design range suitable for the pressure being measured. The tap
for the pressure measurement shall be located on the sample coupling attached
to the inlet of the volume metér.

Temperature

Use a temperature measuring device {thermocouple or mercury in glass
thermometer} with a design range suitable for the temperature being measured.
The tap for the temperature measurement shall be iocated on the sample
coupling attached to the inlet of the volume meter.

Equipment for Test Point 1 (szzle Sleeve)
Vehicle Leak Check Equipment

The following equipment is necessary to perform required vehicle leak
checks; or to demonstrate that alternative equipment will perform
equivalently {(see "TALTERNATIVE TEST PROCEDURES" section).

Fillpipe Interface

A fillpipe interface shall be used which provides a seal at the filipipe
outlet except for:

{1) tubing for pressurizing the fillpipe and vehicle tank with nitrogen
and

{2} tubing for connection to a pressure transducer which can
register the pressure in the fillpipe and vehicle tank.

Flowmeter and Pressure Transducer

A flowmeter and pressure transducer shall be used which are
appropriately sized for measuring 0.01 c¢fm and one-half (0.5) inches
water {gauge} at the fillpipe interface.

Pressure System

The pressure system for the vehicle leak check shall consist of a
nitrogen bottle (2000 psig, commercial grade), a control valve for
regulating the bottle pressure to 1 psig, a needle valve, two
Magnahelic gauges {0 - 30 and 0 - 10 inches water) for determining
the pressure upstream and downstream of the needle valve, and a
hose for supplying pressure to the vehicle tank. The pressure system
shall provide for monitoring the pressure in the fillpipe and vehicle
tank during the vehicle leak check.
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5.1.2

5.1.3

5.1.3.1

5.1.3.2

5.1.3.3

Sleeve Leak Check Equipment

A volatile organic compound detector which complies with the
requirements of EPA Method 21 shall be used. : . X

.

Implements
Sleeve

The sleeve is designed for vapor sampling at the dispensing area. An
example design for the sleeve is shown in Figures 6 through 8.

Other designs may be used which accommodate different dispensing
area geometries, subject to the requirement that other designs yield
no more pressure drop at five cubic feet per minute (cfm) air flow
than the design shown. Compliance with this requirement must be
documented in the test report required in the section, "REPORTING .
RESULTS".

The design shown has been tested, at 5 cfm with -0.005 "WC gauge
pressure inside the sleeve, during use in a balance nozzle application.
The comparison standard may differ in other dispensing geometries. -

Sleeve Sample Tubing

The sample tube connecting the sleeve to its instrumentation shall be .
as flexible and lightweight as practical so that the behavior of the

nozzle operator is minimaily affected by testing activities. It is not ' -
necessary to return the unanalyzed portion of sampie flow back to

the GDF vapor recovery system. .

In general, only a portion of the sieeve flow is used for analysis. Most
analyzers sample at a flow rate far below the 5 cfm sleeve flow rate.
In such a case, sleeve sample tubing must be configured so that a
portion of the sleeve fiow is representatively sampled by the analyzer
at conditions suitabie for the analyzer requirements.

Sleeve Sample Pump

Note: The sample flow rate must always be high enough to
i prevent the sleeve leak check from registering more than 0.1% LEL
i {2,100 ppm as propane).

Use a carbon vane {or equivalently non-contaminating) pump to
minimize contamination of the sample.

The pump must be capable of pulling about 5 c¢fm, but lower flow
rates are acceptable subject to the following requirement:

The pressure drop is typically a few inches Hg, depending on tubing .
and fittings.
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5.1.4 Instruments
5.1.4.1 ) Hydrocarbon Concentration

Use an FID with full scale values of 1.00% and 10.0%. Perform span
and calibration checks with propane standards. '

5.1.4.2 " Volume (See § 5.4)

5.1.4.3 Pressure
Use a pressure measuring device (transducer, inclined manometer or
Magnahelic gauge} with a design range suitable for the pressure being

measured. The tap for the pressure measurement shall be located on
the sample coupling attached to the inlet of the volume meter.

5.1.4.4 Temperature
A transducer with an initial design range"of 0-150°Fin a

thermocouple design, depending on the sleeve tubing chosen. The
tap must be near the HC instrument inlet.

5.2 Equipment for Test Point 2 (Vapor Return)
5.2.1 [Implements
5.2.1.1 In-fine Plumbing

Design goals for plumbing arrangements, regardiess of GDF, are:

{1) practically minimize length ‘of vapor return line between the
nozzle and the sampie point for Test Point 2; do this to minimize
problems related to entry of condensation from the vapor return
line into the Test Point 2 sample line;

{2) practically minimize pressure drop across in-line plumbing; and

(3) return any unanalyzed sample to the GDF vapor return line.

5.2.1.2 Fittings

Plumbing shall be designed for easy adaptability to co-axial, twin

hose, and any other GDF configurations which may be encountered.

A one inch (i.d.) ball valve shall isolate the vapor return line from

other implements.

5.2.2 Instruments
5.2.2.1 Hydrocarbon Concentration

Use a NDIR with a full scale value of 100.0%, or a lower value which
is known to be above the maximum concentration possible at test
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5.2.2.2

5.2.2.3

5.2.2.4

5.3

5.3.1

5.3.2

5.3.2.1

5.3.2.2

5.3.2.3

conditions. Perform span and calibration checks with appropriate
propane standards.

Volume {See § 5.4}

e

Pressure

Use a pressure measuring device {transducer, inclined manometer or
Magnahelic gauge) with a design range suitable for the pressure being
measured. The tap for the pressure measurement shall be located on
the sample coupling attached to the inlet of the volume meter.

Temperature

Use a = ~nsducer with an initial design range of 0 - 150°F in a
thermocouple design.

Equipment for Test Point 3 (Vent)
Implements

Unanalyzed sample shall be returned to the system to avoid perturbation of
the system pressure. :

Instruments -

Hydrocarbon Concentration

Upstream from any final point of release to the atmosphere, use a
NDIR with a full scale value of 100.0%, or a lower value which is
known to be above the maximum concentration possible at test
conditions. Perform span and calibration checks with appropriate
propane standards.

Sample may be collected downstream of the normal point of release
to the atmosphere in situations where upstream techniques are
precluded. Some special sealed sleeve or other means of gathering
and delivering sample to the analyzer must be employed; before
testing commences, any such sleeve or means must pass the leak
check criteria given in the procedures provided for leak checking the
nozzle sleeve. Tape and polyethylene bags have been used to
successfully meet this requirement.

Volume (See § 5.4)

Pressure

Use a pressure measuring device'(transducer, inclined manometer or
Magnahelic gauge) with a design range suitable for the pressure being

measured. The tap for the pressure measurement shali be located on
the sample coupling attached to the inlet of the volume meter.

TP-201.2 page 10




5.3.2.4

5.4

Temperature

Use a transducer with an initial design range of 0 - 150°F in a
thermocouple design.

Equipment for Test Point 4 (Assist Processor Exhaust)

See section, "TALTERNATIVE TEST PROCEDURES" if equipment specified above
is not applicable. '

6 CALIBRATION PROCEDURE

A record of all calibrations shall be maintained.

6.1

6.2

6.3

6.4

Analyzers

Follow the manufacturer’s instructions concerning warm-up time and
adjustments. On each test day prior to testing, zero the analyzer with a zero
gas and span with a known concentration of calibration gas at a level near the
highest concentration expected. Perform an intermediate zero and span
calibration approximately 2 hours after the initial calibration and at any time a
calibration drift is evident. Check for zero and span calibration drift at the end
of the test period. All calibrations and adjustments shall be documented.

Volume Meters

Meters shall be calibrated on an annual basis.

Pressure Transducers

Calibrate pressure transducers prior to testing and immediately following the
test period with a static pressure calibrator for a range of -3 to +3 inches water
or appropriate range of operation; or calibrate pressure transducers in
accordance with manufacturer’s specifications and provide a copy of such
specifications in the Certification Test Report.

Temperature Transducers

Calibrate temperature transducers every six months using ambient air, the

temperature of which is determined by a NIST traceable mercury-glass
thermometer. :

7  PRE-TEST PROTOCOL

7.1

Location of Test Site

Prototype systems will be located within 100 miles of Sacramento for testing. _
Other locations may be accepted at the discretion of the ARB Executive Officer.
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7.2 Specification of Test, Challenge, and Failure Modes

liquid transfer episodes, volume and volumetric rate of liquid transfer, storage
tank volumes, etc. shall be done according to the principles of CP-201 § 5 for
the testing and evaluation’ of vapor recovery equipment.

The specification of test, challenge, and failure modes such as the number of .

7.3 System and Facility Preparation

The required preliminary evaluation shall set the final requirements for facility
preparation. The dominant principle shall be that testing activities minimally alter
facility and system conditions. As the installation of test equipment can alter
facility and system values for critical parameters, the following final preparation
procedures shall be applied, subject to determination by the ARB Executive
Officer of more effective alternatives for some procedures and the only practical
alternatives for other procedures: '

(1) Install all equipment and wait at least 16 hours before testing. Until
then, provide conditions which minimally disturb facility and system
operations due to the presence of such equipment for such time; or

Waming: the following alternative shall only be used after a

i determination, per the preliminary evaluation, that system pressure
is the only system parameter disturbed by equipment installation

¢ and that volumetric flow from the system can be monitored by
procedures which minimally disturb facility and system operations.

(2) install all equipment and wait until a determination of a flow of
0.1 ACF from the systern before testing. Until then, provide
conditions which minimally disturb facility and system operations due
to the presence of such equipment for such time.

7.4 Testing Sequence

Note:

For the applicant, this test procedure is the most costly required test _
procedure. As the applicant’s candidate system must pass all required tests,
costs for the applicant can be minimized by performing all other procedures
before the 100 car” test specified in this procedure and TP-201.2A. In this
way, if the system fails one of the less costly tests, required redesign and
refabrication of the system can proceed at the least cost.

The testing sequence shall be as follows:
7.4.1 Other Required Test Procedures

All other required test procedures shall be performed before the application
of TP-201.2A for the 100 car test specified in this procedure.

TP-201.2 page 12



7.4.2

8 TEST PROCEDURE

Other Required Aspects of this Test Procedure

- All other required aspects of this test procedure shall be performed before

the application of TP-201.2A for the 100 car test specified in this
procedure, e.g. testing idie nozzle episodes.

The facility and system shall be prepared to operate according to any specified test,
challenge, and failure modes. i

In this section, the term "vent™ and the specified procedures for testing vents shali
also apply to any assist processor with which such procedures are compatibie.
Procedures are also specified for incinerator type assist processors. Any assist
processor which is incompatible with the application of these procedures shall not be
certified until the compatibility requirements of the certification procedures are met.

8.1

8.1.1

8.1.1.1

Test Locations

Figure 1 illustrates mass flux test locations.

Test Point 1 {(Nozzle Sleeve)

Figure 2 emphasizes the mass flux test location for Test Point 1 (Nozzle

Sleeve).

Vehicle Leak Check Procedure

Three different procedures are acceptable for checking leaks in
vehicle tanks and plumbing.

(1)

Nitrogen Pressurization

Figure 3 illustrates the following procedure, which is necessary
to perform required vehicle leak checks; or to demonstrate that
an alternative procedure will perform equivalently {see
"ALTERNATIVE TEST PROCEDURES" section).

{a)

(b}

{c)

Connect equipment for vehicle leak check to vehicle
filipipe.

Open main valve on the nitrogen supply bottle and adjust
the needle vaive until the pressure in the filipipe reaches
one-half (0.5) inches water {gauge). If such pressure can
not be maintained for 15 seconds, record an unacceptable
vehicle leak for the subject vehicle.

Determine the leak rate by either timing a volume of 0.1 ft®
or by observing for 15 seconds, whichever results in a -
smaller volume being transferred to the vehicle tank.
Record readings.
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(2}

(3}

(&

e}

Disconnect equipment from the vehicle fi lipipe and proceed
with further test procedures.

If a leak-rate greater than 0.01 cfm, record an
unacceptable vehicle leak for the subject vehicle.

Manual Compression

Figure 4 illustrates the following procedure.

(a)

(b}

{c)

Use a vapor tight, sealed, compressible device with an
attached pressure gauge and seal the device against the
vehicle fill pipe interface.

Compress the device in a repeatable and controlled manner
and record readings from the pressure gauge.

Determine vehicle leak check status by comparing pressure
readings with a calibration chart which must be developed
independently, for each compression device and tester, as
specified below:

{it  Perform the specified vehicle leak check procedure
and the alternative compression procedure on a series
of vehicles.

(i}  Correlate the readings from the specified vehicle leak
check procedure and the alternative compression
procedure which relate to passing and failing the
vehicle leak check requirement. Include all significant
variables in the correlation.

(i) Construct a calibration chart from the correlations in
(i), indicating those readings from the alternative
compression procedure which correlate with passing
and failing the vel -ie leak check requirement.

Manual De-compression

Figure 5 illustrates the following procedure.

{a)

(b}

Prepare to listen for a sound of vapor de-compression from
the vehicle tank and fillpipe, before removing a vehicle
filipipe cap.

Remove the cap in a quick, repeatable, and controlled
manner and listen for a sound of vapor de-compressuon
from the vehicle tank and fillpipe. Record a positive or
negative reading of the occurrence of such sound when the
cap is removed.
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8.1.1.2

(c)

Determine vehicle leak check status by comparing positive
readings with a calibration chart which must be developed
independently, for each de-compression tester, as specified
below:

{i)

(i}

{iii}

‘Perform the specified vehicle leak check procedure

and the alternative de-compression procedure on a
series of vehicles.

Correlate the readings from the specified vehicle leak
check procedure and the alternative de-compression
procedure which relate to passing and failing the

‘vehicle leak check requirement. Include all significant

variables in the correlation.

Construct a calibration chart from the correlations in
(i}, indicating those readings from the alternative
de-compression procedure which correlate with
passing and failing the vehicle leak check
reguirement.

Nozzle Sleeve Assembly

The sleeve must be sampling around all potential vapor leak paths at
all times during testing including:

dispensing periods; and

"idle nozzle" periods

as explained below, after a description of the sleeve leak check
procedure.

(1)

(2)

(3)

Sectional View of Sieeve

Figure 6 illustrates a sectional view of a nozzle sleeve.

Axial View of Sleeve

Figure 7 illustrates an axial view of a nozzle sleeve,

View of Sleeve on Nozzle

Figure B illustrates a view of a nozzle sleeve on a nozzle.

The sleeve must be sampling around all potential vapor leak paths at
all times during testing including:

{a)

dispensing periods; and

(b} "idle nozzle™ periods
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8.1.1.3

8.1.1.4

8.1.1.4.1

as ex;ilaineg:l below, after a description of the sleeve leak check
procedure. ’

Leak Check of Sleeve

At least once during each dispensing period and once during "hang
time” (as soon as practical after nozzle "hang-up”™), readings must be
taken with a leak detector per EPA Method 21. If possible, adjust the
sleeve so that readings are below 0.1% LEL (2,100 ppm as propane)
during within one inch (2.5 cm)-outside the sampling sleeve.

(1) View of Combustible Gas Detector

Figure 9 illustrates a view of a combustible gas detector.
{2} View of Combustible Gas Detector in Use

Figure 10 iflustrates a view of a combustible gas detector in use.
Nozzle Sleeve Measurements

The sleeve temperature and pressure measurements must be taken
from a sample manifold attached to the inlet of the volume meter on
the sleeve sampling system. The hydrocarbon sample shall be taken
at the exhaust side of the volume meter.

In the interest of reducing the amount of chart paper to be recorded
and read and reducing the wear on pumps, and at the discretion of
the ARB Executive Officer, the chart drive and pumps may be turned
off whenever the sleeve sample concentration drops below 100 ppm.
If this option is exercised by the test team, they must stand ready to
resume operation of all sampling equipment immediately after the
sample concentration climbs above 100 ppm. Also, the start and stop
times for such periods during which the chart drive is off must be
clearly marked on the chart record. See "ALTERNATIVZE TEST
PROCEDURES" section.

{1} Volume Measurement

Figure 11 illustrates equipment for volume measurements of
samples from the nozzle sleeve.

{2) Concentration Measurement

Figure 12 illustrates equipment for concentration measurements
of samples from the nozzle sleeve.

Dispensing Episodes
The tester begins data collection for a dispensing episode with

the insertion of the nozzle into the vehicle and continues until

TP-201.2 page 16




8.1.1.4.2

the end of the “response time"” which is defined per EPA Meathod
21 as follows:

Introduce zero gas into the sleeve until the analyzer reading has
stabilized, then switch quickly to the specified calibration gas

{§ 6.1). Measure the time interval from switching to attainment of
90% of the final stable analyzer reading. Perform this test sequence
three times, calculate the average, and define the result as the
"response time.”

The nozzle user is to dispense normally and terminate dispensing

in the user’s customary manner. The tester shall also instruct

the user that upon deciding that termination is complete, the

nozzle user shall so declare for the tester to hear.

To achieve this, and prior to nozzle insertion and for every
dispensing episode, the tester shall provide simple, clear
instructions to the nozzle user. The instructions shall be the
same for each nozzle user.

After hearing that the user has terminated dispensing, the tester
waits for the response time and then ends data collection for the
dispensing episode.

The sleeve must always be at the fillpipe/nozzle interface for
sample collection during any dispensing episode.

Sample at a nominal flow rate of 5 cfm, or less subject to the
requirement that the sleeve leak check is less than 0.1% LEL
(2,100 ppm as propane).

idle Nozzle Episodes

An idle nozzle episode is any time other than a dispensing
episode.

In the interest of improving the accuracy of idie nozzle data and
reducing the wear on pumps, and at the discretion of the ARB
Executive Officer, idle nozzle data may be taken from vehicles
other than those in the required vehicle matrix for efficiency
testing. Accuracy can be improved and pump wear reduced by
avoiding the need to frequently change sample pump speed (to
change from one dilution for the higher concentration dispensing
sample to another dilution for the lower concentration idle nozzle
sample}. This option shall only be allowed if an adequately
representative sample of vehicies is used for idle nozzie
sampling. See "ALTERNATIVE TEST PROCEDURES" section.

Because idle nozzle emissions do not involve the nozzle/fillpipe

interface, the determination of a vehicle matrix per TP-201.2A is
not necessary.
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(1) Idle Nozzle Screening Test Procedure

(2)

(3)

{a)

(b}

Follow the instructions for the Leak Chack of the
Sleeve, but use the leak detector to determine if
the nozzle is "leaking” idle nozzle emissions.

i) Non-compiiance is indicated by a reading at
or above 2,100 ppm as propane
{0.1% LEL).

(i} Compliance is indicated when the
procedures of EPA Method 21 have been
followed and all readings are below
2,700 ppm as propane {(0.1% LEL).

Coliect such data for up to twenty-five (25) idle
nozzle episodes.

i) If a non-complying episode occurs, proceed
to the Idle Nozzle Sieeve Test Procedure
below.

(i) If only complying episodes occur for the
first twenty-five {25) idle nozzle episodes,
record a determination of compliance with
the idle nozzle test requirement; indicate in
the Certification Report that idle nozzle
emissions were not detected.

Idle Nozzle Sleeve Test Procedure

(a)

{b)

Empirically determine, record, and employ a
sample pump flow rate and analyzer range
appropriate for any detectable idle nozzle
emissions from the system.

Using the procedures and calculations for

Test Point 1, prepare to collect data in order to
calculate results in units of pounds of
hydrocarbon emitted per thousand gallons of fuel
dispensed.

Collect such data for twenty-five {25) idle nozzle
episodes.

{a)

If the overall result, in units of pounds of
hydrocarbon emitted per thousand gallons of fuel
dispensed, for all mass emitted divided by all
fuel dispensed is over 0.42 pounds per thousand
gallons (0.42 #/E3G}, disapprove the application
per CP-201 §2.2; the applicant must re-apply for
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8.1.2

8.1.2.1

8.1.2.2

8.1.2.3

(4}

(b}

further consideration of the system except as (4)
befow is applied.

If the overall resuit is at or under 0.42 #/E3G,
record the result for further calculations and
proceed with the remainder of the required tests.

At the applicants option, collect such data for
seventy-five {75) more idle nozzle episodes; follow the
instructions provided in step (3) (a) to obtain the overall
resuit for all one hundred {100) data sets.

(a)

{b)

If the overall result, in units of pounds of
hydrocarbon emitted per thousand gallons of fuel
dispensed, for all mass emitted divided by all.
fuel dispensed is over 0.42 pounds per thousand
gallons {0.42 #/E3G), disapprove the application
per CP-201 §2.2; the applicant must re-apply for
further consideration of the system.

If the overall result is at or under 0.42 #/E3G,
record the result for further calcuiations and
proceed with the remainder of the required tests.

Test Point 2 {Vapor Return)

“Figure 13 emphasizes mass flux test locations for Test Point 2 (Vapor
Return Line}.

The vapor return line sample and temperature and pressure measurements
must be taken from a sample manifold attached to the inlet of the volume
meter which has been inserted at a break in the vapor return line. The
break is usually at the vapor hose connection to the vapor riser from under
the pavement. When options are available, the sampling location shall be
the shortest practical downstream distance from the nozzle to minimize
vapor condensation upstream of the sampling location. Unaltered sample
shall be returned to the sample manifold.

Volume Measurement, General

Figure 14 generally illustrates equipment for volume measurements of
samples from the vapor return line.

Volume Measurement, Single Vapor Return Line

Figure 15 specifically illustrates metering equipment for volume
measurements of samples from a single vapor return line.

Volume Measurement, Manifolded Vapor Return Lines

Figure 16 specifically illustrates metering equipment for volume
- measurements of samples from the vapor return line.
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8.1.2.4 Concentration Measurement

Figure 17 illustrates equipment for concentration measurements of
samples from manifolded vapor return lines. .
8.1.3 Test Point 3 (Vent and/or Assist Processor)

Figure 18 emphasizes mass flux test locations for Test Point 3 (Vent
and/or Assist Processor).

Test point 3 shall always be at the outlet from the vent riser. The
operation of test equipment shall not interfere with the normal operation of
any valve or vent,

8.1.3.1 Single Vent Volume Measurement

Figure 19 illustrates equipment for volume measurements of samples
from a single vent at Test Point 3.

8.1.3.2 Manifolded Vents Volume Measurement

* Figure 20 specifically illustrates metering equipment for volume
measurements of samples from manifolded vents at Test Point 3 .

8.1.3.3 Vent or Vents Concentration Measurement

Figure 21 illustrates equipment for concentration measurements of
samples from a vent or vents.

8.1.4 Test Point 4 (Vapor Incinerator)

8.1.4.1 Incinerator Performance Specifications
Incinerator emissions shall be determined using the procedures of EPA
M-2B, as outlined in this procedure, including any additional
requirements provided below.

Any incinerator shall be evaluated and tested to establish:

{1) a performance specification for carbon monoxide (CO)
emissions and

{2) performance specifications for other critical incinerator
operating parameters per CP-201 § 3 which requires, in
part:

The results of evaluation and testing of the system, documented in
the certification test report, shall include:

{1} the identification of such critical system operating
parameters,
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8.1.4.2

(2) the performance specifications for such critical system
operating parameters, and

{3) the specification of requirements for indicating gauges,
detection devices, and alarms.

Chalienge and failure mode testing shall be performed to establish
system sensitivity to and performance specifications for the following
variables:

{1} storage tank ullage at start of liquid transfer

{2) wvolume and volumetric rate of liquid transfer

{3) number of nozzles in simultaneous use and

{4) individual nozzle dispensing rates.

Compliance with the incinerator performance specifications shall be
determined per CP-201, as applicable.

Incinerator Sampling Parameters

A preliminary evaluation of incinerator operation shall be conducted to
determine data collection intervals for time and parameter magnitude
for each parameter. Such intervals shall be chosen to provide
calculated estimates of incinerator mass emissions factors which
differ by no more than £ 10% from actual, based on engineering
judgment.

Data for each parameter shall be collected on such intervals.
Collect and record incinerator data for all of the parameters required

to make a determination per EPA M-2B, with additional requirements
for auxiliary fuel to expand the applicability of EPA M-2B:

Vin = total inlet volume entering vapor incinerator
{SCF)

Viseiity =  inlet volume from the facility vapor space (SCF)

Vigel = inlet volume of auxiliary fuel (SCF)

Vout =  vapor incinerator outlet volume {SCF)

N = number of carbon atoms in each molecule of

calibration gas

[HC)iyeiiry =  hydrocarbon concentration of inlet volume from
the facility vapor space (volume fraction)
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8.1.4.3

8.1.4.4

8.1.4.5

[HCly,y = hydrocarbon concentration of auxiliary fuel
{volume fraction)

[HCl,,, = vapor incinerator outlet hydrocarbon
.. concentration {ppm)
{CO,] =  vapor incinerator outlet carbon dioxide
concentration (ppm)
[CQO] = vapor incinerator outlet carbon monoxide

concentration {ppm)

Based on an engineering evaluation of a subject incinerator, the ARB
Executive Officer may allow simplifying assumptions to be used in
place of actual data collection. For exampie, for auxiliary fuel, it is
often possible to use data from the fuel supplier.

Incinerator Visual Inspection

Visual Inspection. Any visible emissions except for steam, from
vapor incinerators are an indication of poor combustion. An
incinerator shall not emit air contaminants (not including moisture) in
such a manner that the opacity of the emission is greater than 10
percent for a period or periods aggregating more than one minute in
any 60 consecutive minutes; or greater than 40 percent opacity at
any time. Should such visible emissions from the exhaust be
detected, the control system is unacceptable and the problem must
be corrected and an application made to the ARB Executive Officer
for reconsideration for certification.

Incinerator Exhaust Sample Location

The vapor incinerator exhaust sample must be taken from the exhaust
stack down-stream of the burner far enough to permit complete
mixing of the combustion gases. For most sources, this point is at
least eight stack dizmeters downstream of any interference and two
diameters upstrearm. of the stack exit. There are many cases where
these conditions cannot be met. The sample point shall be no less
than one stack diameter from the stack exit and one stack diameter
above the high point of the flame and be at a point of maximum
velocity head. Vapor incinerator emissions shall be monitored for a
24 hour period beginning at the time of the first dispensing period.

Incinerator Inlet Sample Location

The vapor incinerator inlet sample and temperature and pressure
measurements must be taken from a sample manifold attached to the
inlet side of the volume meter which has been inserted at a break in
the inlet line. The installation of tz=st equipment shall not interfere
with the normal operation of the vapor incinerator. Unaltered sampie
shall be returned to the sample manifold. ‘
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8.2 General Sampling Parameters

The test team shall coilect and record frequent periodic or continuous
measurements of the following sample gas variables shown in hexagon outlines

in Figure 1: .
HC = Hydrocarbon Concentration
co =  Carbon Monoxide Concentration
Co, = Carbon Dioxide Concentration
v =  Volume
P =  Pressure
T = Temperature
8.3 Other Sampling Par'ametefs

Test Point 1 {Nozzie Sleeve)
Dispensed Fuel Vapor Pressure
Dispensed Fuel Volume

Test Point 2 (Vapor Return)

Dynamic Back-Pressure as Found

Test Point 3 (Vent or Vapor Processor)
Valve Cracking Pressure
Phase t Delivery Descriptions

Test Point 4 (Vapor incinerator)
Design Operating Parameters

Actual Operating Parameters

89 QUALITY ASSURANCE / QUALITY CONTROL (QA/QC}
9.1 Analyzers
Perform a comprehensive calibration in the laboratory every six months. Check

the analyzer with several known concentrations of calibration from reference
cylinders to determine linearity.
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“9.2 Calibration Gases

Calibration gases are classified into three types:

{1)

(2)

(3)

Standard Reference Materials

These are primary standards te which all other standards shall be
traceable. For any substance for which no standard reference material
is obtainable, a calibration gas of the highest level of accuracy and
precision obtainable shall quality as a standard reference material,
subject to approval by the ARB Executive QOfficer.

A standard reference material, which normally is kept at a main
laboratory, qualifies as an intermediate standard and as a working
standard, toc. ; '

Intermediate Standards

These are secondary standards which shall be assayed versus the
corresponding NIST-SRM once every six months with a concentration
differe - ce which is no more than one percent of the results for the
NIST-7 M. An intermediate standard container which does not meet
its as. requirement shall be taken out of service. To re-enter
servicz, the intermediate standard container shall be recharged and
meet its assay regquirement,

An intermediate standard, which normally is kept at a branch
laboratory or a shop, qualifies as a working standard, too.

Working Standards

These are tertiary standards which shall be assayed versus the
corresponding intermediate standard before every test with a
concentration difference which is no more than one percent of the
results for the intermediate standard. A working standard container
which does not meet its assay requirement shall be taken out of
service. To re-enter service, the working standard container shall be
recharged and meet its assay requirement.

A working standard normally serves for field calibration and testing.

A "Certificate of Analysis™ from the gas supplier can be submitted in the
Cenrtification Test Report as evidence of compliance with the specifications
above; regardless of such certificate, the tester is ultimately responsible for
satisfying the requirements given above in the event that a certificate is
contradicted by subsequent analysis of the contents of a certified gas container.

All calibrations shall be performed with a calibration gas of at least working
standard quality. Any cylinder is to be recharged or taken out of service when
the cylinder pressure drops to 10 percent of the original pressure.
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2.3

information on calibration gas containers shall be entered into a permanent log
identifying each container by serial number. Sufficient information shall be

_maintained to allow a2 determination of the compliance status of each calibration

gas per these requirements; such information shall include for each container,
but not be limited to each:

(1) date put in service,

{2} assay result, and

(3) date taken out of service. —
Volume Meters

Standard methods and equipment shall be used to calibrate the meters on an
annual basis. The calibration curves are to be traceable to NIST standards.
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10 RECORDING DATA

(n

(2)

(3)

(4)

Chain of Custody =

Written data records must be kept during testing and kept by chain of
custody. .

_Necessary and Sufficient Data -

Written data records must contain all information used to calculate and
report final results.

Reconciliation of Reported Results to Recorded Data

The final results must be verifiable by recalculation from the written data
records. .

Permanent Records
These written data records must be kept permanently filed and available

for use by the Executive Officer of the Air Resources Board when
requested.
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11 CALCULATING RESULTS

Note: In addition to other required calculations, vapor recovery system test resuits
shall be calculated in units of pounds of hydrocarbon emitted per thousand gallons
of fuel transferred for any results which are expressible in such units.

Calculate all efficiency results to the nearest 0.1%.
11.1 General Nomenclature
Figure 1 illustrates some parameters specified in the calcuiations.
11 .1-.1 Parameters

General parameters are listed below, other parameters are defined in the
calculations or alternative procedures:

{HC] = hydrocarbon concentration {(volume fraction),
Vo, = measured volume of gases and vapors,

P = pressure, and 7

T = temperature.

For any dispensing episode:

D = volume of liquid dispensed, and
At = elapsed time of dispensing.
11.1.2 Subscripts

Subscripts shall be used to distinguish parameters and modes of
measurement, e.g.:

Pe.o.t) = value of parameter "P" for subinterval "s" of
dispensing episode "e" at test point "t".

Any or all of these subscripts may modify a parameter, and for

consistency, subscripts will appear in the order given above, e.g.:

P,y =  value of parameter "P" for dispensing episode "e" at
test point "t"; and

P, = value of parameter "P" for an entire test at test point
i
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11.2 Standardization and C_alibration of Parameters

11.2.1 T Volume Standardization

Directly measured volumes (such as those directly measured for
Test Points 1, 2, and 3) shall be standardized as follows:

T
T 29.92
where:
\Y =  volume corrected to standard conditions (ft3).
V., =  measured volume (ft3).
Py =  barometric pressure (in. Hg).
P =  differential pressure in-sample line (in. water gauge).
T =  temperature of gas stream {°R).
11.2.2 Concentration

Each measured concentration of gas and vapor shall be corrected for any
analyzer zero and/or span drifts and shall be expressed as a volume
fraction {i.e. % or ppm).

11.2.3 Mass -
Masses shall be calculated from calibration data and measurements as
follows: ‘
m = (%"% x [HC] x V | _
where: .
m = mass (Ib)
Mw = molecular weight of calibration gas {Ib/lb-mole)
385 =  standard volume of one !b-mole at 528°R and 29.62

in. Hg
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Note for manual data reduction: in general, [HC}, , will stabilize to a
steady value during a dispensing interval. If this is not the case, break
V(e.y) iNt0 "s™ subintervals and calculate:

S IMWY < '
Mg = (-gg-g) x ; (HCks, e X Vis,o,u)
11.3 Volume Calculations -
11.3.1 Volume for Test Point 1 (Nozzle Sleeve)

This volume is directly measured and shall be standardized per 8 11.2.1.
11.3.2 Volume for Test Point 2 (Vapor Return Line)

This volume is directly measured and shall be standardized per § 11.2.1.
11.3.3 Volume for Test Point 3 {Vent and/or Assist Processor)

This volume is directly measured and shall be standardized per § 11.2.1.
11.3.4 Volume for Test Point 4 (Incinerator)

Note the possibility for simplifying assumptions described in § 8.1.4.2.
11.3.4.1 " Preliminary Incinerator Qutlet Volume Calculations

Before calculating the vapor incinerator outlet volume, calculate the
following preliminary values:

{1) inlet volume from the facility vapor space
Any inlet volume from the facility vapor space entering the
vapor incinerator is directly measured and shall be
standardized per § 11.2.1.

{2} inlet volume of auxiliary fuel
Any inlet volume from auxiliary fuel entering the vapor

incinerator is directly measured and shall be standardized
per § 11.2.1.
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(3) total inlet volume entering vapor incinerator

Vin = Viaiity + Vel

Vin = total inlet volume entering vapor
incinerator (SCF})

Visciity =  inlet volume from the facility vapor
space {SCF}
“Viel = intet volume of auxiliary fuel {SCF)

{4) inlet hydrocarbon concentration

(N THCtacitity Viacitiy! + (N THCl iy Viiyer)

[Hclin V.
n
where:

[HCL, = inlet hydrocarbon concentration
entering vapor incinerator {ppm)

N = number of carbon atoms in each
molecule of calibration gas

[HC),, o = hydrocarbon concentration of

facility . .

inlet volume from the facility
vapor space {volume fraction)

[HC) = hydrocarbon concentration of

auxiliary fuel (volume fraction)
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11.3.4.2 Final lhcine_rator Qutlet Volume Calculations

Calculate any vapor incinerator outlet volume using the following

equation:
[HCI;,
V = V.
out " [N [HClgue + [CO,1 + [CO] -300]
where:
Vout = vapor incinerator outlet volume (SCF)
N = number of carbon atoms in each molecule of
calibration gas
[HC),,x = Vvapor incinerator outlet hydrocarbon
concentration {ppm)
{CO.] =  vapor incinerator outlet carbon dioxide
concentration (ppm)
[COI = vapor incinerator outlet carbon monoxide
’ concentration {(ppm)
300 = assumed background concentration (ppm) of
‘ Co, _
11.4 Calculations of Emissions During Idle Nozzle Episodes

To evaluate the possibility of a system eventually meeting the efficiency
performance standard, these calculations must be completed before the
Dispensing Facility Vent Calculations, the Individual Dispensing Episode

Caiculations, and the ultimate Efficiency Test Result Calculation.

idle nozzle emissions of HC at a dispensing facility must be apportioned to each
dispensing episode on a proportional basis of dispensed volume.

11.4.1 Total |dle Nozzle Emissions
Total idle nozzle emissions for all idle nozzle episodes:
m, = HC mass through mass flux area 1 (idle nozzle)

if the ARB Executive Officer determines that a portion of m1 is due to
Phase | activity, then m1 may be diminished by that portion.
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11.4.2 Apportioned Idle Nozzle Emissions ' -

For any D,:

fiD,.my) = the.fraction of idle nozzle emissions assigned to each
dispensing episode on a proportional basis of
dispensed volume. :

{liquid volume dispensed); -
{all iquid volume dispensed during flux of mi} X

m("” = m-l X f(Da,m-‘)

11.5 Dispensing Facility Vent Calculations

To evaluate the possibility of a system eventually meeting the efficiency
performance standard, these calculations must be completed before the
Individual Dispensing Episode Calculations and the ultimate Efficiency Test -
Result Calcutation. '

Vent emissions of HC at a dispensing facility must be apportioned to each -
dispensing episode on a proportional basis of dispensed volume. .

11.5.1 Total Vent Emissions
Total vent emissions for all dispensing episodes: -
mz - = HC mass through mass flux area 3 (vent)

If the ARB Executive Officer determines that a portion of m, is due to
Phase I activity, then my may be diminished by that portion.

11.5.2 Apportioned Vent Emissions
For any D,:
f(D,.m;} = the fraction of vent emissions assigned to each

dispensing episcde on a proportional basis of
dispensed volume.

{liquid volume dispensed),
{all liquid volume dispensed during tiux of mgz)

M3 = M3 x f(D,mj)

TP-201.2 page 32



11.6 Individual Dispensing Episode Calculations
Processor and incinerator emissions of HC at a dispensing facility must be
apportioned to each dispensing episode on a proportiona! basis of dispensed
volume. Use the same apportionment algorithm as for the vent emissions above.

The term "dispensing episode” is used here to generalize the applicability of
these procedures.

Unless otherwise specified by the certification process, a dispensing episode
starts with the removal of a nozzle from a dispenser and ends with the start of
the next dispensing episode when the nozzle is removed again.
It is assumed that dispensing is into a vehicle fuel tank with a fillpipe test point
and a vapor return line test point, but these calculations also apply to, for
example, dispensing into surrogate tanks such as 55 gallon drums.
11.6.1 Mass through a Given Test Point
For any dispensing episode:
Mg 1 = H; mass through a given test point

11.6.2 Individual Dispensing Episode Calculations

Each dispensing episode efficiency, E,, is calculated from the my, ,:

Meg,2) ~ [Mg,3) + Mg 4l

E. = x 100%
[Mie,2) + Mg, 13}
where:

Mg 1} = the mass flux through openings at the dispensing
interface,

M, 2) = the mass flux through the vapor return line;

Mie,3) = the mass flux through the vent and/or the assist
processor; and

Mie.4) =  the mass flux through the vapor incinerator.
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11.7 Efficiency Test Result Calculation

For the tested vapor recovery equipment, the efficiency test result, E, for
this procedure is;

where "n" is the number of dispensing episodes. -

TP-201.2 page 34



12 REPORTING RESULTS

Note: In addition to other required results, vapor recovery system test results shall
be reported in units of pounds of hydrocarbon emitted per thousand gallons of fuel
transferred for any results which are expressible in such units.

The following are required by § 10 RECORDING DATA: -

{1} Chain of Custody

(2) Necessary and Sufficient Data

(3} Reconciliation of Reported Results to Recorded Data

(4} Permanent Records

Example report forms are provided in Forms 1 through 4 for generating written
documents to meet these requirements. Other formats can be used; however, no test
report shall be accepted or approved unless it contains at least the information
specified in these forms.

All such forms must be written and submitted on acceptable media as specified by
the the ARB Executive Officer on a case-by-case basis for each report.

In cases of conflict between hard copy and soft copy documents, the hard copy shall
be presumed correct, unless a different determination is made by the ARB Executive
Officer in special circumstances, which must be documented, in hard copy and soft
copy, to the satisfaction of the ARB Executive Officer,

13 ALTERNATIVE TEST PROCEDURES

13.1

General Alternative Test Procedures

Test procedures, other than specified above, shall only be used if prior written
approval is obtained from the ARB Executive Officer. in order to secure the ARB
Executive Officer’s approval of an alternative test procedure, the applicant is
responsible for demonstrating to the ARB Executive Officer’s satisfaction that
the alternative test procedure is equivalent to this test procedure.

(1)

{2)

Such approval shall be granted on a case-by-case basis only. Because
of the evolving nature of technology and procedures for vapor
recovery systems, such approval shall not be granted in subsequent
cases without a2 new request for approval and a new demonstration
of equivalency,

Documentation of any such approvals, demonstrations, and approvals

. shall be maintained in the ARB Executive Officer’s files and shall be

made available upon request.
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13.2 Test Procedures for Determining incinerator Emissions -

incinerator emissions shall be determined using the procedures of EPA M-28 _ . '
with the additional requirements provided in TP-205.2.

14 REFERENCES

This section is reserved for future specification. -
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15 EXAMPLE FIGURES AND FORMS

15.1

Figures

aw

Each figure provides an illustration of an implementation which conforms to the
requirements of this test procedure; other implementations which so conform
are acceptable, t0o. Any specifications or dimensions provided in the figures are
for example only, uniess such specifications or dimensions are provided as
requirements in the text of this or some other required test procedure.

Figure 1
Test Locations

Figure 2
Test Point 1 {(Nozzle Sleeve)

Figure 3
Vehicle Leak Check Procedure {Nitrogen Pressurization) -

Figure 4
Vehicle Leak Check Procedure: {Manual Compression)

Figure 5
Vehicle Leak Check Procedure: (Manual De-Compression)

Figure 6
Nozzle Sleave Assembly: (Sectional View of Sleeve)

Figure 7
Nozzle Sleeve Assembly: (Axial View of Sleeve)}

Figure 8
Nozzle Sieeve Assembly: {View of Sleeve on Nozzie)

Figure 9
Leak Check of Sleeve: {View of Combustible Gas Detector)

Figure 10
Leak Check of Sleeve: (View of Combustible Gas Detector in Use)

Figure 11
Nozzle Sieeve Measurements: (Volume Measurement)

Figure 12
Nozzle Sleeve Measurements: {Concentration Measurement)

Figure 13
Test Point 2 (Vapor Return Line)
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15.2

Figure 14 )
Vapor Return Line (Volume Measurement, General)

Figure 15
Vapor Return Line (Volume Measurement, Single Vapor Return Line)

Figure 16
Vapor Return Line (Volume Measurement, Manifolded Vapor Return Lines)

Figure 17
Vapor Return Line [Concentration Measurement)

Figure 18
Test Point 3 (Vent and/or Assist Processor)

Figure 19
Single Vent (Volume Measurement)

Figure 20
Manifolded Vents {Volume Measurement)

Figure 21
Vent or Vents {Concentration Measurement)

-

Forms

Each form provides an illustration of an implementation which conforms to the
requirements of this test procedure; other implementations which so conform
are acceptable, too. Any specifications or dimensions provided in the forms are
for example only, unless such specifications or dimensions are provided as
requirements in the text of this or some other required test procedure.

Form 1
Chain of Custody

For:a 2
Data

Form 3
Results

Form 4
Permanent Records
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FIGURE 4
Vehicle Leak Check Procedure
(Manual Compression)
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- FIGURE 6
Nozzle Sleeve Assembly (Sectional View of Sleeve)
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FIGURE 7
Nozzle Sleeve Assembly (Axial View of Sleeve)
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FIGURE 8 :
Nozzle Sleeve Assembly (View of Sieeve on Nozzle)
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FIGURE 10
Leak Check of Sleeve (Combustible gas detector in Use)
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: FIGURE 12
Nozzle Sleeve Measurements (Concentration Measurements)
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FIGURE 14 . )
Vapor Return Line (Volume Measurement, General)
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FIGURE 17

Vapor Return Line (Concentration Measurement)
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FIGURE 20

Manifolded Vents (Volume Measurement)
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California Environmental Protection Agency
Air Resources Board

Vapor Recovery Test Procedure

TP-201.2A

Determination of Vehicle Matrix for -
Phase Il Vapor Recovery Systems of
Dispensing Facilities

APPLICABILITY
Definitions common to all certificatioh and test procedures are in:

D-200 Definitions for
Certification Procedures and
Test Procedures for
Vapor Recovery Systems

For the purpose of this procedure, the term "ARB” refers to the State of California Air
Resources Board, and the term "ARB Executive Officer” refers to the Executive
Officer of the ARB or his or her authorized representative or designate.

This test procedure can be used to determine the characteristics of a test fieet of
vehicles which, when tested by other test procedures, can yield data representative
of the total vehicle fleet. )

PRINCIPLE AND SUMMARY OF TEST PROCEDURE

The sample of vehicles to be used in method TP-201.2 for testing vapor control
systems shall be made up of vehicles representative of the on the road vehicle
population in terms of vehicle miles traveled (VMT). This calculation procedure
produces such a representative vehicle matrix. The distribution in terms of model
year can be derived from the VMT portion of the calculated input to EMFAC. EMFAC
is the ARB computer model for estimating on road motor vehicle emissions and is
administered by the Technical Support Division of ARB, Distribution in terms of
manufacturer can be derived from the number of registered vehicles for each make
and model year which can be obtained from the Department of Motor Vehicies.

TP-201.2A page 1




11 CALCULATING RESULTS

The vehicle makes and models and the number of vehicles per cell in the examples
below are for illustration purposes only. More cells and other models and different
numbers of vehicies per cell shall be included at the discretion of the ARB Executive
Officer.

11.1 __Vehicle Make N

Obtain the number of registered vehicles by manufacturer and by model year
from the Department of Motor Vehicles (DMV). The data shall resemble the

following :
Number of Registered Vehicles

MODEL  CHRYSLER FORD GM TOYOTA HONDA OTHER TOTAL
{e.g.)
YEAR
1991 108,563 344,867 334,974 218,577 191,174 378,731 1,577,886
1880 138,427 362,293 323,953 203,156 189,973 460,906 1,668,708
etc. -

TP-201.2A page 3



11.4 VMT per Make for All Years

Sum the products of step 11.3 for each manufacturer. These sums represent
the total VMT for each manufacturer. Select at least five manufacturers
responsible for the highest VMT sums. These five {or more) manufacturers will
be used to establish columns in the matrix. A last column called Others will
include the vehicles from all other manufacturers.

11.5 Percentage of Vehicles for each Model Year

Determine the number of vehicles from each model year which are required by
the 100-car matrix. To do this, convert the VMT fractions of step 11.2 to
percents by muitiplying by 100%. These percent numbers also equal the
number of vehicles required in the 100-car test for each mode! year. For
example if 10% of all VMT's are traveled by 1990 model vehicles, the 100-car
matrix would include ten 1290 vehicles.

It is most accurate to maintain fractions through the caiculations and round to
whoie vehicle numbers only at the last step of determining the matrix.

11.6 Percentage of Vehicles by Make for each Model Year

Obtain the fractions of registered vehicles by manufacturer for each model year.
This shall be done for the five main manufacturers (step 11.4).and for the
"Others” total. First, sum the numbers of registered vehicles of all
manufacturers for each model year. Second, divide this sum into the registered
vehicle numbers of each of the five main manufacturers and "Others™ to get the
desired fraction. For example, a recent calculation yielded:

Percentage of Registered Vehicles by Manufacturer for Each Model Year

MODEL CHRYSLER FORD GM TOYOTA HONDA OTHERS TOTAL

YEAR

1891 6.9 21.8 21.2 13.9 12.1 24.0 100.0%
1890 8.3 21.1 19.4 12.2 11.4 27.6 100.0%
etc.

TP-201.2A page 5



11.8

11.8.1

Vehicle Matrix

The vehicle matrix shall be constructed per the requirements of the certification
procedure. Examples for two such requirements are given below:

Vehicle Cell Limits

The following example shows the resuits of constructing a vehicle matrix

for August 1982 with a ten vehicle cell limit. Any other matrix with
another cell limits, such as less than five vehicles per cell, shall be
constructed in the same manner.

Combine the data into groups of model years to facilitate filling the matrix
during the 100-car field test. Beginning with the current year, add
previous years in succession until 3 maximum of ten vehicles accumulate
in any cell. This group of model years will form the first row of cells.
Repeat this process starting with the next preceding year to determine the
group of years for the second row of cells. Repeat until all previous years
combined vield less than 10 vehicles in any cell. This will normally require
four rows of cells and the result will resemble the following table:

100 VEHICLE MATRIX
AUGUST 1982

MODEL YR || cHRYsLeR FORD GM ] TOYOTA HONDA OTHER || TOTALS L
89-92 2 6 5 4 3 7 27
86-88 3 5 5 4 2 8 27
82-85 2 4 6 3 2 7 24
77-81 1 3 5 2 1 4 16

< 77 1 2 2 : 0 o 1 6
ToTALs 9 20 23 13 8 27 1 00:

Be careful when rounding to whole numbers of vehicles. This can result in’
a matrix with slightly more or less than 100 vehicles. One can often
determine the best place to add or subtract a vehicle by comparing the
sums of rounded numbers and unrounded numbers for each row and
column.

TP-201.2A page 7



12

13

14

15

REPORTING RESULTS

This section is reserved for future specification.

ALTERNATIVE TEST PROCEDURES

Test procedures, other than specified above, shall only be used if prior written
approval is obtained from the ARB Executive Officer. In order to secure the ARB
Executive Officer's approval of an alternative test procedure, the applicant is
responsible for demonstrating to the ARB Executive Officer's satisfaction that the
alternative test procedure is equivalent to this test procedure.

{1) Such .approval shall be granted on a case-by-case basis only. Because of
the evolving nature of technology and procedures for vapor recovery
systems, such approval shall not be granted in subsequent cases without a
new request for approval and a new demonstration of equivalency.

{2} Documentation of any such approvais, demonstrations, and approvals shall
be maintained in the ARB Executive Officer’s files and shall be made
available upon request.

REFERENCES

This section is reserved for future specification.

FIGURES

This section heading is not applicable to this procedure.
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Appendix C
TP-201.2B
DETERMINATION OF FLOW VERSUS PRESSURE FOR

EQUIPMENT IN PHASE 1l VAPOR RECOVERY SYSTEMS
OF DISPENSING FACILITIES



State of California
Air Resources Board

Vapor Recovery Test Procedure
PROPOSED TP-201.2B

Determination (Including Fugitive Emissions) of Efficiency of
Phase Il Vapor Recovery Systems of
Dispensing Facilities

1 APPLICABILITY
A set of definitions common to all certification and test procedures is in:

D-200 Definitions for
Certification Procedures and
Test Procedures for
Vapor Recovery Systems

For the purpose of this procedure, the term "ARB" refers to the State of California Air .
Resources Board, and the term "ARB Executive Officer® refers to the Executive
Officer of the ARB or his or her authorized representative or designate,

A list of symbols and nomenclature used in this precedure is provided in the
"REFERENCES" section.

1.1 General
This procedure applies to the determination of fugitive emissions from vapor
recovery systems at dispensing facilities by direct measurement and modeling.
This procedure applies to any fugitive vapor emissions associated with the
dispensing of any fluid, although it is written to refiect application to the
hydrocarbon {HC) vapors associated with the dispensing of gasoline.

1.2 Modifications

Modification of this procedure may be necessary for vapors and fluids other
than the hydrocarbon vapors associated with the dispensing of gasoline.

Any modification of this method shall be subject to approval by the ARB
Executive Officer.

Tue 1/28/97 8:44am DRAFT TP-201.2B page 1



2 PRINCIPLE AND SUMMARY OF TEST PROCEDURE

The purpose of this test procedure is to determine the fugitive emissions and the
vapor recovery efficiency (including fugitive emissions) at a dispensing facility.
Figures 1 through 3 are provided to illustrate some aspects of the principle and
summary provided below. Figures are at the end of this document.

2.1 Principle

The mass flux of fugitive emissions from a dispensing facility is the product of
the volumetric flow rate and the flow-weighted mass-per-volume concentration.

The volumetric flow rate is based upon data for pressure vs. time from the
facility and data for flow vs. pressure from a model of the facility. The modetl
flow vs. pressure data are provide a conversion for the facility pressure vs. time
data to flow vs. time data.

The flow-weighted mass-per-volume concentration is based upon data for
pressure vs. time from the facility, data for mass-per-volume concentration from
specified components at the facility, and data for flow vs. pressure taken from
specified components on a model of the facility. The model flow VS. pressure
data provide a conversion for the facility pressure vs. time data to flow vs. time
data for the specified components. The concentration and flow vs. time data for
the specified components provide a basis for the flow-weighted
mass-per-volume concentration,

2.2 Summary
As required to determine an emissions parameter and except where otherwise
specified, the equipment and procedures specified in the following test methods

shall be used.

EPA Method 18 Measurements of Gaseous Organic Compound
Emissions by Gas Chromatography

EPA Method 25A  Determination of Total Gaseous Organic Compound
Emissions Using a Flame lonization Detector

EPA Method 258 Determination of Total Gaseous Organic Compound
Emissions Using a Nondispersive Infrared Analyzer

A detailed summary of this test procedure is provided in Figure 4.

Tue 1/28/97 8:44am DRAFT TP-201.2B page 2



3 BIASES AND INTERFERENCES
3.1 Static Pressure Performance, TP-201.3

Because the pressure data collection required by this test procedure are not
valid unless the facility complies with the static pressure performance standard
required by CP-201, the test procedure for static pressure performance, TP-
201.3, shall be used to establish that the facility complies with the static
pressure performance standard before and after the performance of this test
procedure. If this requirement is not met, this test procedure must be performed
again.

3.2 Interference by TP-201.2
Because the concurrent performance of TP-201.2 can interfere with the
performance of this test procedure, this test procedure shall be performed
during the initial 90 day reliability check required by CP-201.

4 SENSITIVITY, RANGE, AND PRECISION

This section is reserved for future specification. More developments are expected.

5 EQUIPMENT

5.1 Polished Stainless Steel Canisters
Polished stainless steel canisters are used to collect integrated samples for
concentration analysis. Ancillary valves and flow meters are used to ensure that
3 low, constant sample flow rate is achieved which does not create sample
artifacts by inducing flow in the vapor recovery system.

5.2 Hydrocarbon Analyzers
Integrated samples for concentration analysis must be analyzed both for total
hydrocarbon concentration and for speciated hydrocarbon concentrations,
Ancillary standard gases must approximate the range of species and
concentrations expected for dispensing facility samples (100ppm, to
SO0,000ppm._,).

6 CALIBRATION PROCEDURE

This section is reserved for future specification. More developments are expected.
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. 7  PRE-TEST PROTOCOL

Perform TP-201.3, as required below.

8 TEST PROCEDURE

The purpose of this test procedure is to determine the fugiﬁve emissions and the
vapor recovery efficiency (including fugitive emissions) at a dispensing facility.

A list of symbols and nomenclature used in this procedure is provided in the
"REFERENCES" section. Such symbols are used consistentiy in this section and in the
"CALCULATING RESULTS" section. Figures 1 through 3 are provided to illustrate
some aspects of the procedure required below. A detailed summary of this test
procedure is provided in Figure 4. The test procedure follows:

Take and permanently record atmospheric pressure readings which are
chronologically coordinated with all other readings required by this procedure:

where:
(P}201 24, atm =  atmospheric pressure, "WC.
. for the total facility

Perform TP-201.3.

Find (Qy0q 3 5¢) at (Pogy1.3} = 5"WC, for the total facility at the test conditions
of TP-201.3

Warning: Do not proceed with this test procedure until TP-201.3 has been
perfoermed and {Q201.3, zr) has been calculated as specified the "CALCULATING
RESULTS™ section.

where:

Qo013 55 = flow, ft3/min

(Plogt.3 = initial pressure, "WC,

Mzo1 3 = facility vapor volume, gal

(At)ygy 5 = elapsed time, min

(AP)20q 3 =  absolute value of pressure change, "WGC

atmospheric pressure, "WC,

. (PY201.2, atm

Tue 1/28/27 8:44am DRAFT TP-201.2B page &




8.2 Find (P}, vs. (1)
for the facility

Find (P),¢ vs. (1) for the facility for two weeks: zZ Y J_;J_IY; / gtf{,

where:
(Plog =  pressure, "WC, -
Moe = temperature, °F

Assemble and secure the required equipment.
Perform calibrations as required.

Take and permanently record pressure readings at one minute intervals for two
weeks.

Perform QA/QC as required.

8.3 Find (T) and [HC_, ] vs. (t)
for specified facility components

Find (T) and [HC_ ;] for representative episodes for vapors behind the facility
components which have vapor valves:

Take samples at the following sample locations and determine values of the
variables listed for each sampling location:

1F (Idle Nozzle Valves)

(HC . hir = hydrocarbon concentration, Ib,/ft3

HC, ] = hydrocarbon concentration, volume fraction
[HC awlie = hydrocarbon molecular weight, tb,/1b-mole
(The = temperature, °F

2F (Overfill Drain Valves)

(HC, / 1oF = hydrocarbon concentration, ib, /ft3

HC, ,,J2¢ = hydrocarbon concentration, volume fraction
(HCpwloe = hydrocarbon molecular weight, ib,,/lb-mole
(Plog = pressure, "WC_

Tue 1/28/97 8:44am DRAFT TP-201.2B page 5



]

{T o temperature, °F

3F (Vent Valves)

(HC A lae = hydrocarbon concentration, b, /ft3
(HC, ;]2 = hydrocarbon concentration, volume fraction
(HCwlae = hydrocarbon molecular weight, 16, /1b-mole
Ty = temperature, °F
(Z)3r.0F = typical height above 2F, in
(P)or.ap = typical pressure below (P)og, "WC

8.3.1 Test representative episodes

Unless the tester documents episodes of facility operations as more
representative to the satisfaction of the ARB Executive Officer, the
following episodes chosen by the ARB Executive Officer shall be tested as
representative of facility operations:

(1)  two hours of facility operations including the one hour of
maximum dispensing to vehicle tanks,

(2)  two hours of facility operations including the one hour of
minimum dispensing to vehicle tanks, and

(3) two hours of facility operations following the delivery of liquid-to
a facility storage tank from a cargo tank. .

8.3.2 Find (T} and [HC,, 1 vs. (t) for each episode
for each sample location

For each component sample location: 1F (idle Nozzle Valve), 2F (Overfill
Drain Valve), and 3F (Vent Valve):

(1)  Assembie and secure the required equipment.

(2) Perform calibrations as required.

{3} Take samples for two hours per EPA Method 18.

(4) Perform QA/QC as required.
iFor each episode and sample, perform a speciated gas chromatographic
analysis for hydrocarbons per EPA Method 18 and find values for

[HC  1ie) 1B /Ft2 (hydrocarbon concentration, pounds per cubic foot, at
sample location "s").
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Warning: Do not proceed with this test procedure until the {HC nlig) have
been calculated as specified the "CALCULATING RESULTS" section. .

1.0

([HC;])

n
i=1 (t.e,s)

where:

n = the number of hydrocarbon species (or species categories).

8.3.3 Calculate Pjyp 5p
Warning: Do not proceed with this test procedure until the P(2f.3F) have
been calculated as specified the "CALCULATING RESULTS" section.

8.4 Caiculate (Pgp) vs. (t)
for the facility

Note:

(Peediy) =  zero for any system with no vent valve

Warning: Do not proceed with this test procedure until the {Ps;) have been
calculated as specified the "CALCULATING RESULTS™ section.

8.5 Modei values of specified variables
for the facility and components

Design and validate a model of the facility and find values for specified variables
of the facility, using the model.

8.5.1 Design the model
Design the model so that it can:
8.5.1.1 Reproduce (Q) vs. {P) for the total facility

Establish (Q) vs. (P) similitude with the total facility by reproducing
(Q} vs. (P) for the mode! at the facility test conditions of TP-201.3.

8.5.1.2 Include components of the facility .
Include components of the facility which have vapor valves.
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8.5.2

8.5.3

8.5.4

8.5.4.1

8.5.4.2

Secure randomly sampled units of such components and avoid testing
components which are not expected to be representative of
components which ultimately will be installed at new installations of
the system tested.

Find (Qly, ¢ vs. (Ply gr < 5"WC,

Find (Qly, 57 vS. (Ply, gr for the total facility at other (Ply, g < 5"WC,,
using the model. -

Volumetrically standardize results at 528°R and 1 atm:

where:

(Pm. sF =  pressure, "WCg
(O‘}M, 5F = ﬂOW, ft3/min
{Thw s¢ = temperature, °F

Warning: Do not proceed with this test procedure until the
(Qly, ¢ vs. (Ply g have been standardized as specified the
"CALCULATING RESULTS" section.

Find (Qlyy ¢ vs. {t)
for the total facility

Find (Qly, 5¢ vs. (1) for the total facility, using the results of §8.4 and
§8.5.2.

Note:

(Qly,gg =  zero for any system with no vent vaive

Find the flow-weighted average, HC g mnlsr

Find the flow-weighted average, [HC,, . )z, for the total facility, using
the model.

Find (Q)y vs. (Ply, < 1—":»"WC‘I
for the components

Find (Q) vs. (P) for the components at the facility which have vapor
vaives at other (P)y, yr < 5"WC,, using the model of the facility.

Find {Q}(M} vSs. {t)
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for the components

Find {Q)y vs. (1) for the components at the facility which have vapor .
valves, using the results of §8.4 ang §8.5.4.1.

Note:
{Q)M' (s) = zero for any system with no vent valve
8.5.4.3 Calculate the flow-weighted average, [HC, o . Js¢

Calculate the flow-weighted average, [HC,,, mlsr. for the total
facility by finding (for each of the components at the facility which
have vapor valves) the summation of (Q) x [HC ,n1 x (1) divided by
the summation of (Q) x (t).

Warning: Do not proceed with this test procedure untif S,
has been caiculated as specified the "CALCULATING RESULTS"

section.
A ; i, 5 ft3 .
Z [ Cm/v]h, s) # x (Q)(:, .s} t X (t)(;' s min]|-
[Hcavg milzF # - s=1i=1 f13 min
ft3 AL Q) 4 ft3 .
[(—ﬁ!i}.__ X (t)(j' s) mmJ
s=1 i=1 min

where:
"s" = the valve component type corresponding to sample location

1F through 3F
Ni" = the "™ valve of valve component type "s" at the facility
"n" = the number of valves of valve component type "s” at the

facility.

8.6 Find (HC)gr emitted from the facility

See "CALCULATING RESULTS" section.

8.7 Find (HC)g emissions factors for the facility .
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See "CALCULATING RESULTS" section.

. 8.8 Find the vapor recovery efficiency
{including fugitive emissions) for the facility

See "CALCULATING RESULTS" section.

9 QUALITY ASSURANCE / QUALITY CONTROL (QA/QC)

Two coliocated canister samples shall be taken at each sampie location to allow for
the calculation of relatjve error.

10 RECORDING DATA

This section is reserved for future specification. More developments are expected.
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11 CALCULATING RESULTS

Note: In addition to other required calculations, vapor recovery system test results
i shall be calcutated in units of pounds of hydrocarbon emitted per thousand gailons
: of fuel transferred for any resuits which are expressible in such units.

A list of symbols and nomenclature used in this procedure is provided in the
"REFERENCES"” section. Such symbols are used consistently in this section and in the
"TEST PROCEDURE" section. Figures 1 through 3 are provided to illustrate some
aspects of the procedure required below.
A detailed summary of this test procedure is provided in Figure 4.

11.1 Volume Standardization

Volumes shall be standardized as follows:

(Pm) "WC 528 oR
(Vsig) ft3 = V, m X
std) (Vm) 407 "WC {To) °R
where:
(Vg = volume corrected to standard conditions, ft3
vV,) = measured volume, ft°
(Py) = measured pressure, "WC
(T) = measured temperature, °R.

for the total facility

Find (Qz01.3, 3¢) 8t (Pygq 3) = S"WC, for the total facility at the test conditions

of TP-201.3:
Q2013 5r f1° _ (Viggqg x _BPlaors 1 £3
min {At}o01.3 (P)201.3. atm 7.481 gal
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' .

11.3

11.4

11.5

Find [HC_ , 1 vs. (t} for each episode
for each sample location

where:

n

2 (tHey)

1=

-
o
R

t,e,s}

3
I

HChils) # _ i [HC, g X (MW} # x _#mole 407 "WC _ x (Thi O’i
ft3 = #mole 385 13~ Plo1.2a, awm "WC 528 °R (s

the number of hydrocarbon species (or species categories).

Calculate P,p o,

. . ((RChplar ~ AIR DENSITY ) # 13

(p)zp..gg': WC (2)3;: m x ft3 X 674 F

where:

AlR DENSITYmN is calculated by application of the ldeal Gas Equation.
Calculate (Pyg) vs. (t)
for the facility

(Pzp) "WC = (P}zp "WC - (P)zr:_gr: "WC

Calculate the flow-weighted average, [HC

Calculate the flow-weighted average, [HC

avg mlv]'c'F

avg miJze. for the total facility by

finding {for each of the components at the facility which have vapor valves) the
summation of (Q) x [HC, ] x (t) divided by the summation of (Q) x (1).

Tue 1/28/97 8:44am
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n

s N i 3
E E ([Hcmlv](l s # (Q)(a, §) ft X (t)"' s) min]

{Hcavg mlv]ZF # = s=1 j=1 ft3 min
ft? o f1Qlg, g f3
E 2 [( A S) (t’(i, s} min]
s=1i=1

where

"s" = the vaive component type corresponding to sample location 1F
through 3F :

"n,” = the number of valve component types at the facility

"i" = the "i"™" valve of valve component type "s" at the facility

™" = the number of valves of valve component type "s™ at the facility.
11.7 Find {HC)s¢ emitted
from the facility

Find (HC)g emitted from the facility during any specified time interval by finding
(Qlgr x [HC L plavg X (t) for the total facility. .

11.8 Find (HC}ge emissions factors
for the facility

Find (HC)z; emissions factors for the facility for specified combinations of test
parameters, e.qg.: (HC)}:F/(I). (HC)ZF/(V)IF' etc.

11.8 Find the vapor recovery effi iciency
{including fugitive emissions) for the facility

11.9.1 Find (HC)gp
for the duration of TP-201.2

n
ms = .ZI(QEF)(EI X (IHChplavgliy % (g
’.
where:
mb5 = fugitive mass emitted for all time intervals of
TP201.2,1b,,
i = "i"™ time interval of TP201.2, min
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11.8.1.1

11.9.1.2

Fugitive emissions shall be considered as being refeased from sample
location (5) for the purposes of the efficiency calculation below, using the
results of TP-201.2:;

&(D,)

Tue 1/28/87 8:44am

Apportioned Fugitive Emissions

Fugitive emissions of HC at a dispensing facility must be apportioned
to each dispensing episode (Dg) on a hasis proportional to dispensed
volume., -

For any D,:

(liquid volume dispensed),
(all liquid volume dispensed during flux of ms)

where:

@(D,) = the mass fraction of fugitive emissions assigned
to each dispensing episode on a proportional
basis of dispensed volume.

"g" = "e™ dispensing episode of TP-201.2

Mye, 5) = Mg x Q(D,)

where:

M. 5 = the mass of fugitive emissions assigned to each

dispensing episode on a proportional basis of
dispensed volume

Individual Dispensing Episode Calculations

Unless otherwise specified by the certification process, a dispensing
episode starts with the removal of a nozzle from a dispenser and ends
with the start of the next dispensing episode when the nozzle is
removed again.

It is assumed that dispensing is into a vehicle fuel tank with a fillpipe
test point and a vapor return test point, but these calculations also
apply to, for example, dispensing into surrogate tanks such as 55
gallon drums.
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11.9.1.3 Mass through a Given Test Point
For any dispensing episode:

Mye.s) = HC mass through a given sampling location (or
apportioned fugitive mass emissions)

11.8.2 individua! Dispensing Episode Calculations

Each dispensing episode efficiency, E,. is calculated from the Mg

Mia,2) = [Mig3) + Mg a; + My 5]

x 100%
(Me,2) + Mg 1]

11.10 Find the vapor recovery efficiency
(including fugitive emissions) for the facility

For the tested vapor recovery equipment, the efficiency test result, E, for this
procedure is:

where "n" is the number of dispensing episodes.
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12 REPORTING RESULTS

| Note: In addition to other required results, vapor recovery system test results shall |
: be reported in units of pounds of hydrocarbon emitted per thousand gallons of fuet |
i transferred for any results which are expressible in such units.

This section is reserved for future specification. More developments are expected.

13 ALTERNATIVE TEST PROCEDURES

Test procedures, other than specified above, shall only be used if prior written
approval is obtained from the ARB Executive Officer. In order to secure the ARB
Executive Officer’s approval of an alternative test procedure, the applicant is
responsible for demonstrating to the ARB Executive Officer’s satisfaction that the
alternative test procedure is equivalent to this test procedure.

(1) Such approval shall be granted on a case-by-case basis only. Because of
the evolving nature of technology and procedures for vapor recovery
systems, such approval shall not be granted in subsequent cases without a
new request for approval and a new demonstration of equivalency.

{(2) Documentation of any such approvals, demonstrations, and approvals shall

be maintained in the ARB Executive Officer’s files and shall be made
available upon request.

14 REFERENCES
14.1 Symbols and Nomenclature
14.1.1 Format
Abbreviations
Abbreviations are defined to provide shorter descriptions for variables,

subscripts, and units. Abbreviations used throughout this procedure
for fugitive emissions paths are:

1F = paths through "closed" idle nozzle check
valves

2F =  paths through "closed™ overfill drain valves

3F = paths through "closed” vent valves

4F = other paths
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ZF =  all paths

Variables

Variables are defined with an abbreviation in parentheses or square

brackets:

{) = general variable

[] = concentration variable k
Subscripts

Subscripts are defined to distinguish test variables and test modes,
e.g.:

(P, o, ) = value of parameter "(P)" for time interval
"{t)" of testing episode "(e)" for sample
location "(s)".

Any or all of these subscripts may modify a parameter and, for
consistency, subscripts are defined in the order given above, e.g.:

(Ple. 5) =  value of parameter "(P)" for testing episode
"(e}” for sample location "(s)".

vaiue of parameter "(P}" for entire test for
sample location "(s)".

(Phs

Subscripts are defined to distinguish types of concentrations, e.g.:

UCH v =  concentration variable
{volume fraction)

{{o) PR =  concentration variable
{mass/volume)
O vy =  concentration variable

(mass/mole}
Units
Units are defined and used without punctuation. The definition of
each variable ends with a comma, foliowed by abbreviated units for
such variable. Abbreviations for units used in this procedure are:

°R = degrees Rankine

ft = fget
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min
385ft3
Ib_f

m

o,
lb-mole
407"WC
528°R

Values

]

fit

[

gailons

inches

inches of water column {pressure)
inches of water column {gauge pressure}
minutes -

volume of Ib-mole (at P,y and T,
pounds (force)

pounds {mass)

pound mole

standard pressure (P4}

standard temperature (T, )

Values are substituted for variables and are used without

punctuation.

14.1.2 General Test Variable

(P)201.2A, atm =

14.1.3 Facility Test Variables

atmospheric pressure, "WC

Figures 1 and 2 illustrate some facility sample locations and fugitive

emissions test variables.

Static Pressure Performance Resuits (TP-201.3)

{AP)ao1.3

(P)2O1.3, atm

(Atlyp, 5

(Ma01.3
(@013, g5

(P)2o1.3

Tue 1/28/97 8:44am

absolute value of pressure change, "WC
atmospheric pressure, "WC

elapsed time, min

facility vapor volume, gal

flow, ft*/min

initial pressure, "WCG
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1F (idle Nozzle Valves)

HC nl1E =  hydrocarbon concentration, b, /ft3 .
HC A 1ar = hydrocarbon concentration, volume fraction
(HCawlie = hydrocarbon molecuiar weight, Ib_/Ib-mole

{The = temperature, °F -

2F {Overfill Drain Valves)

[HC . p)op = hydrocarbon concentration, Ib,_/f3
'[HCV,VIZF = hydrocarbon concentration, volume fraction
[HC wlzr = hydrocarbon molecular weight, Ib, /ib-mole
(P)og = pressure, "WC,

(T)op = temperature, °F

3F (Vent Valves)

[HC s 3¢ = hydrocarbon concentration, Ib, /ft3
HC, )3 = hydrocarbon concentration, volume fraction .
[HCwlae = hydrocarbon molecular weight, Ib_ /ib-moie
(T)ae = temperature, °F
(Z)ap o = typical height above 2F, in
(P)or.ar =  typical pressure below (P),, "WC
14.1.4 Model Test Variables

Figure 3 illustrates some model sample locations and test variabies.

ZF (Total Facility)

[HC]M, IF, avg miv . : .
=  hydrocarbon concentration (flow-weighted

average mass/volume), Ib,, /ft3
(Phy. 5¢ = pressure, "WC,

Q. 55 = flow, ft3/min
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(Thw, 5¢

1F (ldie Nozzie Valves)

(Pl 1¢

(Qwm, ¢

M, 15

2F (Overfill Drain Vaives)

(P, 25
{Qy, 2¢
(M, 2¢

3F {Vent Valves)

(Phy, 3¢

(Qhy, 3¢

(Thw, 2k

14.1.5 Test Procedure Results

]

temperature, °F

pressure, "WCg
flow, ft3/min

temperature, °F -

pressure, "WC,
flow, ft3/min

temperature, °F

pressure, "WC,
flow, ft3/min

temperature, °F

This section is reserved for future specification. More developments are

expected.
14.2 TP-201.2

14.3 TP-201.3

15 FIGURES

Figures are attached.
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Figure 1

Examples of Locations of Equipment to be Tested

1F "closed" idle nozzle check valves
2F “closed” overfill drain valves
- 3F “closed” vent valves

2

sl

K vent vaive or bamer
-I! [some systerns)
i | | a1
l u ._.._.H__l | ; !vent dispensas
! : - .7
o P idle
g narzle

storage
tank

7 2.3 F. Y & CORDOVA 'S
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FIGURE 2

Examples of "Equipment to be Tested

idle_nszzles
overfill drains
vents

Idle sexles overflll drains vents

vilve

; \lj’ E{:m.mm

TPm.ﬂF.Hl-m"_

TP-201.28 page 12



FIGURE 3 ‘

Example of a Bench Test

TP 228 F.¥ k. CORDCVA '8
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FIGURE 4 {continued)

Summary of Test Procedure

{4)

{5}

{6)

{7)

Design and validate a mode! of the facility and find values for specified
variables of the facility, using the model.

al Design the mode! so that it can:

(i}  establish (Q) vs. (P) similitude with the total facility by reproducing
(Q) vs. (P) for the model at the facility test conditions of TP-201.3
and

(il include components of the facility which have vapor valves.

(b} Find (Q) vs. {P) for the total facility at other {(P), using 2 modal of the
facility.

{c} Find (Q) vs. (1) for the total facility, using the results of (2) and (4}{b).
(d)  Find the flow-weighted average, [HClgyg ma- for the total facility.

(i} Find (Q) vs. (P} for the components at the facility which have
vapor valves at other (P}, using the model of the facility.

(i) Find (Q) vs. (t) for the components at the facility which have vapor
valves, using the results of (2) and (4}(d)(i).

(i} Find the flow-weighted average, [HClavg mn- for the total facility
by finding (for each of the components at the facility which have

vapor valves) the summation of (Q) x [HC, ] x {t) divided by the
summation of {Q) x (t), using the results of (3) and {4)(dii}.

Find (HC) emitted from the facility during any specified time interval by
finding (Q) x [HC 1 plavg X (1) for the total facility.

Find (HC) emissions for the facility for specified combinations of test
parameters, e.g.:

{a) (HC)/1),
(b} (HCHV), etc.

Find the vapor recovery efficiency (including fugitive emissions) for the
facility.
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FIGURE 4

Summary of Test Procedure

The tester must determine values for the following variabies of a dispensing facility
using conventional principles of sampling and analysis:

(HC) =  hydrocarbon mass
(HCl,,, = hydrocarbon concentration {mass/volume)
HClavg mav = hydrocarbon concentration (flow-weighted average

mass/volume)

(P =  pressure

{Q) =  volumetric flow rate
(T = temperature

{1 = time

(V) =  volume.

Then, the tester must find correlated values of a model of the aispensing facility using
conventional principles of modeling, sampling, and analysis.

Finally, the tester must find (HC) emissions factors for the facility for specified
combinations of test parameters.

in more detail, the principle of this procedure is to;

{1} Find {Q} vs. (P) for the total facility at the test conditions specified in
TP-201.3.

(2} Find {P) vs. (t) for the total facility for representative episodes.

(3) Find (T) and [HC],,,, for representative episodes for vapors behind the facility
components which have vapor valves.

(continued on next page)
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Appendix F

OBSERVED ORVR VEHICLES



10% ORVR Penetration

All vehicles are 1998 calendar year vehicles
2/10/98

9:17 Honda Accord

9:35 Toyota Camry
10:05 Ford Escort Wagon
10:51 Saturn SW

12:20 Subaru Forester
13:00 Toyota Corolla
13:25 Chevrolet Malibu
15:45 Honda Accord
16:10 Toyota Corolia
17:50 Saab 900

17:55 Voivo S70

1915 Honda Accord
20:22 Pontiac Grand Prix
20:45 Toyota Corolla
23:15 Honda Accord

2/11/98

2:20 Buick Park Avenue
4:05 Ford Escort

7:25 Satumn SW

8:00 Honda Accord

8:35 Honda Accord

8:45 Buick Century

9:20 Mazda 626

9:45 Toyota Corolla

10: 40 Toyota Camry
11:15 Chevrolet Metro
13:30 Honda Accord
15:05 Oldsmobile Intrigue
15:20 Buick Park Avenue
15:50 QOldsmobile Cutlass
16:15 Honda Accord
16:25 Ford Escort




17:10 Buick Century
17:24 Hyundai Elantra
17:50 Toyota Corolla
18:25 Buick Park Avenue
19:35 Chrysler Concorde
21:20 Toyota Camry
23:15 Toyota Corolla

2/12/98

2:40 Honda Accord
5:15 Buick Century
6:30 Hyundai Elantra
7:00 Mazda 626

50% ORVR Penetration

7:40 Ford Escort Wagon
8:05 Mercury Tracer
8:30 Honda Accord
8:40 Toyota Corolla
8:55 Dodge Intrepid
9.15 Buick Regal

10:05 Buick Riviera
11:15 Honda Accord
12:05 Chrysler Sebring
1:15 Ford Escort

2:30 Chrysler Concorde
3:50 Chevrolet Malibu
4.10 Pontiac Grand Prix
4:20 Hyundai Elantra
4:45 Saab 900

5:00 Toyota Corolla
5:25 Subaru Legacy
6:15 Subaru Impreza
6:20 Chrysler Concorde
7:00 Saturn SC

8:50 Oldsmobile Aurora
10:55 Buick Century

2/13/98
1:35 Honda Accord

4:00 Toyota Camry
6:Z.. -ionda Accord




17:10 Buick Century
17:24 Hyundai Elantra
17:50 Toyota Corolla
18:25 Buick Park Avenue
19:35 Chrysler Concorde
21:20 Toyota Camry
23:15 Toyota Corolla

2/12/98

2:40 Honda Accord
5:15 Buick Century
6:30 Hyundai Elantra
7:00 Mazda 626

50% ORVR Penetration

7:40 Ford Escort Wagon
8:05 Mercury Tracer
8:30 Honda Accord
8:40 Toyota Corolla
8:55 Dodge Intrepid
9:15 Buick Regal

10:05 Buick Riviera
11:15 Honda Accord
12:05 Chrysler Sebring
1:15 Ford Escort

2:30 Chrysler Concorde
3:50 Chevrolet Malibu
4:10 Pontiac Grand Prix
4:20 Hyundai Elantra
4:45 Saab 900

5:00 Toyota Corolla
5:25 Subaru Legacy
6:15 Subaru Impreza
6:20 Chrysler Concorde
7:00 Saturn SC

8:50 Oldsmobile Aurora
10:55 Buick Century

2/13/98
1:35 Honda Accord

4:00 Toyota Camry
6:20 Honda Accord




6:45 Saturn SW

6:55 Chevrolet Metro
7:25 QOldsmobile Cutlass
8:00 Buick Park Avenue
8:20 Toyota Corolla
8:45 Mitsubishi Eclipse
10:05 Mercedes Benz SLK 230
11:45 Hyundai Elantra
12:30 Chevrolet Malibu
13:50 Subaru Legacy
15:05 Buick Park Avenue
16:10 Ford Escort

16:35 Buick Regal



Appendix G

LEAK RATE LABORATORY TESTING APPARATUS




Leak Rate Laboratory Testing Apparatus

flow rate pressure

= pressurizad tank

Source: Draft proposed TP-201.2B Vapor Recovery Test Procedure, Air Resources
Board, January 1985



Appendix H

QA/QC DATA




ORNL  7.<.0%

OY.

wEhN

~ HIPH Bl | TN
= = == N a VAN
'fll.-" -
m ‘_,
P W
& - 41r ! “
- .ih 1 5 [+
-.l‘ll_l.l..ln * \ 1 M\N |w \,x g /_ M— ’ W
o) ) Jolobdl |
= -1
T T7T |
T QAM i) % mu ™ \5% 20
wh\“ m B - ) m_ ...J/ b e dared
\\.1\ h ..“ -
0 i, ! oy 08 0 oL 0 06: | 00l
| .[...1..-_ \ ] m
. ng ol o8 89 : 0 et £ 0
O\W_L N 1 f A2 :w\ \m.c .
1 g T
AL E
4 - 3 1 V-1
Yo ) A7 |
; Yoy AU BT IRAK: T hgrim :
A4 »
-\ -y _.NQW
i ] Jm - M.\.;m \\. ») N a o |
==t T TR T TEETTU
hogpic e 3
- N wv..ﬁ‘ 'y
Mg -1 1l )
= &Nn\.\ un_\ NMM v W e




0s 09, 0 08 06 00l
| ]
.08 or 0 02 o 0
Iy FA \C‘ A \.- p . JT . !
4874 VAV PE 19T L}J__
a7 | \.,\luhb y : o
AN [ cAtah L Wle @
s i |4
|
. p 1&\1 w BANPE . ....-”\.. ..J.n A d . A4 1 l..\.
YU YO | 60 FH 1A e
" 0i .44 -y b dodeafe 4 WI. wl-bd bl - ....Hl . L w
Sl | g 14 d JERLEYY TN
| w§ik
) 4 _r 1/
- FF - 7T
HiE ._.,EJL: L9
- ) r\“M (m = 1 &
o é\\uﬁ,

d

it

N

1208/01 O

T -ﬁ-—: Ly e m WA s

L

o

o




OY, crRv  7-X.8%9

§ oty
= , z
¢ v :
& QY =LA ‘ i
: = 1P P BUBE S
— — M\ . .._ F o
¥ _.m__u.
A T el e
: FRna NERE .b“
| LN s
Al 3
i _n...u
= e §
el &
vE
. m -
A Bk H | B | | |p}an ,,
LV e
KEE: Aa\nxa@hm oy N | loL
1 A4/ - ) P s
~ 1 ! 4 21 1
LGOI | | |08 ||+ - 108 | n: mw P
ETT i T 00 O T AT
P .. I . ...,.ﬁﬁ.ml ] \.V,\'\: -
- b Ty TN I
LR _
Navs = 7 o SV 5 .
“_\. [<ES \n&nm\wl .,M | ..\1....
-
\A nm..“. L 4
) |
A {




EEEEEBREEEEEREAREREE B ESu)

~x

.

AT

8080880

4% ‘\ A_

_}1‘_

Y]
iy

TS

by

7

A

~E

O o
i

(b &

[+, TR
S

R

“he Ny

4

LS

i

Aoy K8y If

L= AN

ot

X
N
NN

AN

o)

* r ot \\ _ “- |
Shman e den) b b .—_ff
..H\ o 1. . i Q. »
== = eI AT A
r\.\fmAM 4_ | L 1 w . )]
G WiliEE: T ik ' ]
n\ st

il

i)
]
T

1)

g

1!

i g DT S 1 _
v ; <l L
o ! m |
i . m E
i : : i
m _ .ﬁ i b ﬂ .
: : | !
: I 4 - !
i _ _ i h, 2l ret
1 SR VAN "
_\1 | N unl.-l_..\.._ i h ﬂm.n..hﬂ.uﬂm
sor el ! | |
Lt ._

p— g -

.............‘r.....................-.

)

1 il




I(\Q

. _

-z

- T

R
S B e e T._!_...

RN
_ _ |
__ ol Pl
! !

N |..M —ts A, .|.-L.. -

— .,._—.-_.3,_— —_—

=%

/5

_&

— -.,} .

20) D, _ﬁ
_

[

e e
T

S SO _r-__’__

i

B:%..WN %D_ 2h

L

ook §|1u.\v~\!..|| N,.I..:II.;IlllniI!i. .
J

H . » -

¥ %\w\b 2 e
e P —

b

cr

A RS RN IR

vy

. - Y

——
[ =

o 0

o o 00 08 0 0

e & ® 6 6 0 & & ® & & & % 9 O O s 00 e 0




=

r

e —

%

JihR e

r4

]

L ren

/o—

’

o1

-,

9.

-8

o~

L1

0B

-+

os

2 kA

Se—={]

—8-

(e A i ek [ ok i s iy i o ey i e el s B T
H . ;.“_ o e prai] o -\\ X .\.. ll. N . 5
= ""H“ﬂr g ¢ i 2 \w o )
T3 AT
0 - 6o S0 or 0s 9 L 06 m _pu_ .
[ , -y x—IJ\ : IR ER B
0 Nu, BRL g 0g vl Liogl. L ot dllg
J EEE "uf ! ol - T |
‘ N |
\|
P \
. \
w )
,
H " sl . ) E4
SEE ENNEL
. |17
o\ | W m. Nl.hu Pm .
. \u“. m L .N .. N
A N S S=—==
O B L J ‘
RSN .m - \ o ﬂ mﬂ
AU I...K | _" 1 |
AN
. |
i 4
S
" / __ r_ﬁq:r f
i L e
\\“rlmw‘m&. e R | \u y ...v\ m !
171~ “\u # bt ’
kW
A . N "Dt 4 L 233 T N
ik | Uv 02 0 y 08 ST Tl o_q:. 8 oo
ity e vfen - .._.. .
o_w

(o]



YTSN NE Q3N

,.f,.. Vi
/J
LT LT L - :
e \_\ v_‘ \\ﬂ\ \..1
g 4 ]
QNWUU& JJIILLHLHII T
L] \ \ t i -
T gl [T f, / DA = ¢4 P TaVANRS 5
N R H.\\\; i ) T
gt T, i)
4~ » N . .\;Wl . . |
Pt ot ] o T
2 44 1 1 /] nxl_l:q_\ M
1
\ nt
1
L~ l]lil./u
0 ol 4 0 11 .
g
0 06 e al 0 A
I |
, |
D
) \w\ .\w“ ¥ q
T
A.I. A i -~
/
\ A1
o o | A \x@ N ] Q
LA A > 7
\\ i
@ ®
nafl! ) 3.




wen

s

A

LAY

L4l

X<
=S

XY
N
e F

‘8_‘:\ il Y
N
i

[\

"}

=)

!O

1208707 "ON j¥vd

N

[=]

O

A

I3

V4

Eh

SN

JAL)

LA

&
3

S
N
SN
| S
Y
D]
\ o

o/ ORN— 2699

I

al

<P
\'-.b

N

I



Ow“_r

G-

e

o

]

S5

L

S
e i
ARSI
|
b
i
i

O 1
e

P S
-

3

V=]

_
‘.hcﬁw\\ﬂ

PART NC. LD/8BCZ2)

A,

.5,

1 W | —

9] o [ i ' :

T T _ i L
N _
e m T
1 _
At

:m_ i * _,

u

3

PRINTE

g




0 I ol Il | " T 3 pedd P T
¥
A
A1 L
)
, \....1\.
PR [y P R PR %Y PO 19 I~
NEERE L D
l\‘b Z "y i rvl.. lll_
\\\_ Aﬂ\\ l.m- h“‘h . fV b
= i N
TV B7 3
211 L SOLLLLL L LB L
- wnd e il Lsiporte i ¥ vt . - - R Kl
) \\\\hmnauii-- T
\\-\v. 18 & L171 \
CCartaldv o d ; /
Al 2 \_\. _,\
W L] ﬁ -~ = s i
+ - P P O Y [ e o enfeign banfu . - L A - “ s
Is
ZEAC R : 1|3 | ) o
T N Lo v |3 1444 ) ol
“PPETD il L ] ol
232230% T ol
= ~ ! _ o
T 02 og| | | oy 08 09 | oL oot !
i _b o _ ! i i “ [ ] M
7 “ H [ TT79%00! ™ R i | e
17 los o8 L A1 o ostzr| | NI | [0S Hovi 11171 log _ _ ;
4 N.- -\ .\ i ¥ ¢ v*nw , .
e IR : .
el _ m ! _ e,
a0 . N T .
1 “ AHH 1] o
Y . ' i : . : ._ i .q
d _ _ :
= NS I , :
. EERE RN " P
o D —~ i} Yo ; b M.M
Y i | T \ -
£ M: i uwkmm - m...
, 1A e
_ 7| e BB | -
; 2 /] L) e “ H . _' J . ._
| ‘. w ? (i e _T = - .r” u .4,” V(- < “ L - .
” L] =S g B A il e
j Ik - JM; I. = bt L e " -\.“ i pz_ )‘HJITT.M.;ﬁ _ “ N U Vg — ! j%
1T oI b, L | y9 1 A .
FEHT IR AT TN
ik | | . A BRE L BN Trre T mo%
O 2 D POt PLi Tt il rithe i R i Y



ﬂn | h‘ -ﬁ n \ el .JF
QY [ - 3
Ts £
hdan | n.
AHL z
o . 2 420 L | b b c
o o A fors i
; 1 N q \N.. y l__ ] 4 o’ |1 . | I3 MV
N / 5=y D) A P ;i 2 .MWVV NW nN\m W
L , 4 :
s =S e TR 1L
m Zall S plar 1
G l!..lLl.....Jli_ 4 ] 9 N\
z N
e
Q i ; :
R | 7EERR m
7’ “ i _.m.v..
[ +
i .A JT ) m
14 o ‘_T.. Plag
Pz
) L
Rm QVM ] il Al
o 7 L&
5 4 w‘\W\\ /../
/.r\;\ﬂ“
0 P ‘M_ ol og Oun . O~h 0%
00t A Dl b1 06} 17 A3y | (oL | log o 02
.l_..l_l.l!.L.ll._ ™
2 BT P PN PO ey .I..ll..l..l
L L] At L. oo
\Q 6| & 1~ tJate
R ...,H :
\Q - A o
1 Q\ k N . L H
‘\ T
L 14 f& & j ] ‘ ;







210 -9%

10 . o=z

[

v _ _ |
14 Wf,t\\- (ﬁ].\ £ 4 /) 1 ML \“ “
ol 133 || log (4 o_o VY 06
" - .- . I+ -
I i -~
06 08 09 1 m S| um &
22T 7% ViR
u\\h v C
A o
e polaliad
ATL D1 | ENNNRREARRRREY
!
¢ L
ANGAEAL
B ll(Luhv_.. D]
A5 vr L] Bl P, P/l
A . = ofen 4
bl
L r CS o
g 19 I Y - e
- AN (nﬁwx -\v‘.\\_\ Av\l\ \\ N a
3
3
ol 02 or 09 “mu.o
0 08 09 oy ol
¢ el
allsd & 41 ‘-“;
i




0y, R 2. o, 8%

-~

1208707 ON Ll¥vd

-
0 o , o2 oQ oy 0g 09 oL a 06 o0l
R4 y 7 v 1
[810)] 06| [ o]} o 11|09 Iy or ]y ol 0
3 2 \‘\w V\ W % \_\ 4]
e Vo) Rl , BaRZ 1 AL
— d\ i + 7
iy A F
o g IR T R e ....I.T.LF.HL J ol \,\._Q .J‘_Uf... - P m
T JOLENN
LT L
PALIAR T Mk n&uﬁm T \*
_ Bl I %ﬂ
iy
L=
_o _,_..___ 02 og oy 0g 09 oL nILHI (O 06 0ol



lo 7. ORVT  2.(0.98

1208707 "ON l¥Yd

RN i
i|i
l —
a
.
1 oy pum————
7 “ 0 F=al
g
0 og | T4 i oy » = ) =
h 7 1/ 2P 4 |
EeBANZIAVY ] i -
00l o8 SRR/ 09 Z L 02
L4 'Y =
et o )
| Y J\\ L
opk 1T
| AP s
=
<T
-
"I
sl
| =l
:I-.n -
-
-
»
T
=g
<@




w1y

Ur Vi

L /s

%
‘”r
0 og or 0] Q9 0L 08 AM 06 ool
2y
1% <
00l . = oL 09 0g oy Oﬁo oc -_.M- o]} 0
T < 4) I
7] \ H (|
4 . 4
1 P
Pl \ﬂ < .
meuy PG 701 vy SA Y REREAR
| L/ | AA
i . -\ﬁ\ =
L[ L4 3
bl . .“ M‘ .N\ .. R m
Z
y c
dEkt oGk A T - i
1 -
’
= = AN
.-V %
Al
\/
? d
-
7 3
. EA b R 3
] 1] @\\w\ & by N\ + 2 m
dEinY &
B
ol og oy 0% 09 oL 08 06 00l
00} o_o O_h o_o o_n o_w o.n 02 Ol 0



- - - - o ur “a [¥71 M\. V]

.h..

m_
3
Z
o
) ’ M
o c
ﬁ ﬁ

=SS B N

ﬁ_.
INERPELPINS TS 2\ . [ %
LT T — m ) & W 1
T P 1 1 V7 duRd 8
, W i :
\\\\Jw < l(\\&\ﬁmﬁ&“ ; m

1] L 175
¥V 7 BB h
~ E “T1 A\QWAU )/ ) NfN
\ND ] 3| -
\..r__,\h - 11 L @ ‘ 1777 IR Tr ¥ i >
0 0 02 os oy 08 09 oL 08 _ 06 00!
00} 06 08 oL 09 0S oy of 0z ol

oy, 6RuIL 2 -10-0%

o D




cene L AF

7.

4

1208/07 'ON 1luvd

IJ( . "
R_\
oc og 1] L] .wW\ s, A (oL 0g (]:] ool
) QJM w_m q_ ; [
. || ¢f 12 Hi
08 oL 09 A wlger T J4Rr/dPAl .
0814 | | 199 0| 1 \mm o |11 ] 14y 0
P4 ¥ 21177117 1]
W ea k 4 wﬁ :
7T At G AL +-
Dk A
. X 2 Th 1] ) .\M (!
TR T IIBHVIRE )
and it L . 1]
I24s, “.\MVM;
W:W.. f a\\
- =17 b1 | y: h
ai &@ + }x&s%\
b A E \\k 1 & e Nk
AT TPe | 143 I
02 0g oy oS 09 oL 08 06 0ol
| | | | | | | | i




W F

—

b

iy
g

<X

A\

WY

N

=

ool

A

Fv_3

| — e

10/ oRuUe  Z.1\-%%

PPy

Nigd



o, orve  Z2-1-28

h R

[

ol

2

o
HAY

T

¢

b

ey

L0

T —t—

1

L}

11

VST NI QILNRMA

08/07 "ON 1yvd



NN

——— = ¢

N D

o

3
I\J’
g

TS

N
Ny

i\

N3

~

AY

YT NI Q3LNINd

w
L

1

|

=

AR
~3

1208/07 "ON 1dvd

0
00l
\\\.1
\\\w\
"4
f=p
=
4
O
-~ 0
0

- ool
41




1

L
Na

{{

i

S

£~
AN

P

S

S

[na¥

e[t

RN

Y]

- - -~

VSN M G3INEd

‘ON i¥vd

i208/07

DA,

¥

248

S ——

oy orwve Z2-11-]%




{A

kv N

2N
—=I_

<&

08

T

oe

[N

1oy, e 2i42.G9g

{1
i}

.

P

SN M Q3N



. _:
r} b
o IRV LRRYZ -
’ S S LA g e g “ ; o
= SR TTT i TG q A AT
] Q _ﬂ Lﬁ\_\‘ 4 \ .\Y V\
™ Ty 14 h A aennieiirekly
4
- . o |1
s i
7 \ 4 = Y 7
L,.mivw b | | 4] G- ‘T (Y . 7 ) mu g )4 ..“m .\N
Iy 4 o 1| 1A 111
e \ ..%u\m N “mw \L ,“\N N, 4 el w..\%
LA
ol 0c og 4 0 09 L o] 4 a6 00l
04, 08| ..mn Oh_\ —4 | (O 8] e o2 ot
“ni
4D
3
M
s
1
By
%
b
v
TTOF
EN
[$0)
ny
L= AR == AR |

YEN N J3LNHA




VoS

“ny O

aL.721.-2

. i
1F ]| R f
T
_
I
i
S0 oD
= Uvi
L | L LA 10 12 51347
P \h\..nw
2t
nﬁQﬁ
. > |- -1~ ) [ A ﬁx@
&} 3 20 30 40 50 60 70 80 90
100 S a0 70 60 50 40 30 20 10
i %
2 L
w g )
..Nm
> T
m @
J P17 1T




PAR

IF
s
M

In

PRINTED W U.S.A,

A
[y

100

ANY
T

Led

———

A2t Ul ras



100

A

LI
A
]

P o N

oy

Ir

| 2}
NN L

N

A
1z

X
1

)]

=

I
AN
AN
AN

——

(a2
3

3]

=

100

Loongn

ALY
N

2y 2\ 2 a0 £ Q



PRINTED BV ULEA.

o]
<)

100

.

[A]

7F

s

gy -7 220 /0S




)

z :
Bl 7
m !
| |
.m._‘.:..IMWv. - =1
Al ) ARERS |
_
e
o _ﬁ 10 20 30 40 50 60 70 80 90 100
100 % S0 a0 70 60 &0 40 30 20 10 0
ﬁ R
At TS R - ;
23 | Spema T 12191
L]
= \\\ ,
...
o XAy 2% CrrrE
L. : - (4 %
! 7
i F, il .xﬁ 14 i Mu_wm“\ﬂ
.-1' S T
i /
ill._—. T ‘ P2 L] \ \J\m U.J‘\:Jr
! AL |: A A \;\ A 2d v b J T
§ _ J AR ﬁ . & | e 4 v\Yﬁa A I
JAr I g +hp
B..w.. _ \_ |4 h\ﬁ- \\ R .\ \_\‘\ BQNA... Q\-\-.r.r
TN ALY b Lz | L2 Ha A 47 \
(L et oy C F g A
| _ e o S Y B o \ \ I
_ L A
_ _ P R AN 72 A Y. " hli .Ri.
BE N e ht!
i J
- ..m B
_
0 _Mu 20 30 40 60 70 80 90 100
L l_ )—3 an In AN .ﬂ:_ 4an 30 20 10 0

A%

9b -2z el




100

(=]

w/

)t

Ny

Mo

b
T

Rl | f,
L)
X

=

o~y
N
L]
RN
N

x M

S,
™

=

e

100

s &2 wnao LS



FRNTED MW US.A.

ik
R {NERE. }
1 | _
L _p_.._ 20 G@ 40 0 90 100
. |
100 —H G0 80 70 &0 0 10 0
h
i Ll!—lL.l,l..l ] ..lllll-ll\..-l
- T I \_\\ .
! y AR TEK4E
- Aﬂ
) @ 90 |-
=] \\ ‘l.rn\
‘u.\v u..n“.uv { L
B -

“UNSP 705

b 2\-2




- |
«@ |
ps |
2!
m N
: w
W
[ ¢
k >
) =
A o
( P
o 10 20 30 40 50 60 70 80 90 100
& A
X 90 80 70 60 mm T 140 : 30 20|11 oNJ
, ) &
\ 00 Lo 1 S
q Iap NS4 =
T2 0l { -
rlv\ \ﬂ 1 Ll
Ty U
- F 171 ).
CP\
" - ikd1ERal
i-.’L i ] ] i il
{
|
]
L 1 T




